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ABSTRACT 

The LOGO activities of a group of 16 sijctn- grade 
students, representing a full spectrum of ability, are documented 
with a view of developing ways of capturing the learning 
possibilities of such an environment. The first group of eight 
subjects completed 25 closely observed hours, extending over seven 
weeks, in a LOGO classroom situated in a Brookline School, ihis is an 
interim report on these observations designed to exhibit the content 
^ irtat has been learned, and insights into both the variety of 
cognitive styles of the pupils antf the variety of learning situations 
available to a teacher with which to respond to different pupil 
styles and analysis. The current state of analysis is presented 
without any effort to prune the considerable redundancy niich has 
been generated in the process of doing this multiple-cut exercise. 
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Abstract 

The LOCO activities of a group of 16 sixth-grade students, representing a full spectrum of 
ability, are being documented with a view to developing ways of capturing the learning 
possibilities of such an environment. The first group of eight subjects have completed 25 
closely observed hours, extending ovf 7 weeks, in a LOGO clasroom situated in a Brookline 
school This IS an interim report on these observations designed to exhibit the content of 
what has been learned; and insights into both the variety of cognitive styles of the pupils 
and the variety of learning situations available to a teacher with which to respond to 
different pupil styles and abilities We have a large amount of data available for analysis, 
and we are interested in looking at this material from several points of view. The current 
state of our various analyses is presented here, without any effort to prune the considerable 
redundancy which has been generated m the process of doing this multiple-cut exercise. 

This work as been corned out jointly by members of the MIT LOGO group (H. Abelson, J. 
Bamberger, A diSessa. E. Hildreth, S. Papert, D. Watt and S. Weir); and evaluation 
consultants to Education Development Center (G. Hem. and P. Dunning, of the Program 
Evaluation and Research Group of Lesley College. Cambridge). This report of the 
Biookline School Project summarizes our main findings and gives illustrative examples from 
the chfldien's work A detailed profile of the observations made about the child's work 
during the experimental period October - December 1977 Is found in Appendix I 
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I- I ntroductio n g 
1.1 Ai ms of St udy 

During the period 1972 1976 the MIT Artificial Intelhgence Laboratory developed a 
computer based learning environment whose components Include: 

-the computer language l!OGO 

- subject matters suitable for beginning students to move 
^ easily into programming 
-a set of instructional methods 
-a small pool of trained teachers 

In 1977 we received a, giant from the NSF to proceed to develop an evaluation plan. of this 
total enviionment in the context of a typical urban elementary school. This document Is an 
interim report based on a very careful study during the period October-December 1977 of 8 
students covering a range of abilities. More data^ on these and the other 8 students In the 
experiment will be available in approximately six months. 

Although there have been a fair number of projects in which elementary school students 
have been given the opportunity to learn to program computers there Is very little published 
documentation of what transpired in such experiments. We have made a special effort with 
regard to the detail with which we report on the teaching, the data collection and the 
peifomiance of the students 

A major benefit of this type of detailed documentation is the contribution It can malic to an 
evaluation of the learning process in relevant domains. Finding good ways of making such 
an evaluation is clearly a complex task and ve have explored several ways of pinpointing 
the Skills, knowledge and attitudes which children may acquire during their LOCO work 
and of devising ways of demonstrating such acquisition and Its transfer to other more 
general cognitive skills. We have used classroom observers and an interview schedule 
containing several measures of skill. These latter have been selected for their Judged 
lelevance rather than on the basis of previous Jtandarization and we are clearly at the 
exploratory stage in this matter 

Furthei, we hope to piovidc evidence that there are advantages peculiar to a computer- 
based learning environment in general, and to a LOGO environment in particular as a 
source of pedagogical insights into the learning-teaching process. 



1.2 Qn*.«ti ons We Trying To Answer 

, How niuch can 6th grade children, in a regular school settmg. learn about 
^ computer programming, using a LOGO environment? 

2 Wh.t concomitant skills that are part of the .^^-J.^^/^^^he" 
(mathematics, science, and language) do children ^J^^/fJ^^^^^^^^^ 
LOGO work? Do they acquire concepts that would normally be conslderea 

"advanced for their age level? 

3 What non-standard skills (problem-solving P''""'"^ /"^^^^ 
debugging use of procedural thinking and computer metaphors, etc.) do 
children acquire in the course of the LOGO work? 

4 Does the LOCO experience ioduce anychanges in the child's attitude 
Lards learning or toward himseif/herself as a learner, both .n genera,, and 
in relation to particular subjects (eg. mathematics)? 

5 What changes, if any. can be found in the ^♦''^VTu^Thtolo^e^c".! 
computers and towards the role of computers as part of our technological 

society? 

in ,dd,.,on, in the l.gh. of .he experience «por.«i in .his docu-mn.. we wouM like >o add. 

6 Could we |,.her eduu.,on,ll, useful d,.a abou. the «uden,s b, observing 
them sn their work? 

7 How can we upture what it is that a "good" teacher does so that this can be 
made available to other teachers 

8 Would observers with experience in different styles of teaching/learning 
methods identif, this one as a particularly exemplary one? 

9 Can we g.ther evidence of other unexpected outcomes, both positive and 
negative^ 
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The answers to these questions, as we have been able to formulate them thus 
far, are 

1 Of the eight subjects, 7 were writing well formed, personally conceived 
computer programs by the end of the study. The eighth subject did not write 
programs but seems to have h^d a significant learning experience Summaries 
of all subjects* work are in sectjon 3. 

2 Our asSvTssment of the subjects mathematical gams is discussed in section 
4 2 Delays in the NSF decision process forced us to curtail this round of the 
experiment eliminating work specifically on science and language. The second 
round of the experiment will include a orief introduction to some of this 
material 

3 The most salient result of the experiment is the extent to which LOCO 
allows the exercise of individual styles of problem-solving etc. The data 
bearing on this is rich and complex. A first pass at analysis is contained In 
section 4 3. Cognitive Styles. 

4 In some cases marked changes were noted not only by us but by the 
evaluaters and the teachers As one might txpect the biggest changes arc 
shown by the poor academic performers. See especially section 4.4. Affective 
Aspects, and the profiles of each child's work in Appendix I. 

5 We did not succeed m this round in obtaining more than superficial 
insights 

6-9 We shall show throughout this document how much we were able to learn 
by doing this project about the learning process in general and about 
individual children 
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1.3 The Subjects and Timetable 

The subjects for the trial classes were chosen on the basis of consultations among the project 
staff and the regular classroom teachers The teachers were asked to rate the 50 sixth-grade 
studenrs on a 3-point scale of overall ability In school work: "average", "below average", and 
"above average" ability 

The students were then divided into groups of four, so as to achieve the following: 

-a range of abilities within each group 
-a balance of boys and girls In each group 

-a minimizing of scheduling problems in relation to other classroom activities, 
-a compatibility among individuals m the group to ensure that the 
groups could be as supportive as possible for each child 

Two of these 4-unit groups from each of the two school classes form the 16 subjects of the 
experiment An additional commitment to the school was that no child in the 6th grade was 
to be excluded from the LOCO experience and this was achieved using M.IT. student 
volunteers These latter children do not form part of the experiment and their activities are 
not recorded here 



This report concerns the first 8 of our 16 experimental subjects. These 8 subjects were 
divided into 2 classes and received the following exposure to the LOCO environment. 

Teaching peiiods over 7 weeks - 11/4/77 - 12/21/77 

^'^^^ t Class H 

5 X 90 7 hrs ?0 7 x 90 mm 10 hrs. 30 mm 

'3 X 60 13 hrs 6 x 80 min 8 hrs. 

7 X 40 4 hrs 40 mm 10 x 40 min 6 hrs 40 mm 



25 25 hrs 10 mm 25 25 hrs. 10 min 



Teacher Rating s of Students 

Whole Sixth Grade 
n«50 

Experimental Croup 
n-16 



j Above average [9 g 

II Average 15 4 

III Below Average 16 6 



ACHIEVEMENT TEST SCORES: NATIONAL PERCENTILE RATINGS FOR SAMPLE OF 15 SUBJECTS. ** 



NAME 



Harriet 



Gary 



Dennis 



Jinwiy 
Kathy 
Monica 



Albert 



Darlene 



Laura 



Kevin 



Karl 



Betsy 



Deborah ♦ 

Ray *_ 

Tina 



Grade in which 
test was given 



Total Reading 
Score 



A 



99 



99 



99 



_6I 



_fil 



_5Q_ 



-6i 



-54. 



41 



ML 



Total 
Score 



99 



95 



75 



-52. 



_5L 



47 



-52_ 



21 



12 



Total Math 
Score 



96 



99 



95 



-ZZ. 



21. 



_49. 



38 



-32. 



J2L 



Overall Total 



99 



99 



94 

-54_ 



31 



* in sample of 8 subjects reported in this document 
** no score available for one child newly arrived at school. 
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2> Methodologry 

2»1 Research Methodology 

2A.1 Choice of Methods 

We rely primarily on qualitative methdology: on observations, interviews and 
documentat!on. organized in a carefully designed framework, which provides both a 
conceptual stiucture for the project and a data management system Our approach is similar 
to other research or evaluation efforts which are undertaken in direct collaboration with 
educational practitioners, and which are intended to have immediate impact on school 
situations They are illustrative of one trend in education research, an effort to work in 
natural settings and to use field experiences as a basis for improving education. Similarly to 
other social science work in the field, the preferred methods are qualitative (Filstead. 1970) 
and the research design is typically of the sort that is variously described as 
phenomenological (Wilson. 1977) or. in the recent educational literafcture, as "ecologicaf 
(Bionfenbrenner, 1976). "illuminative" (Parlett and Hamilton 1976) or "interactive" (Stake, 
l%7) rather than the experimental and quasi-experimental designs which are derived from 
controlled laboratory settings (Campbell and Stanley. 1963). 

Campbell himself now takes the vie'W (1974) that qualitative approaches are partLculary 
appropriate when the subject of study is an interconnected area, and the goaly are not simply 
to find out if one factor haj an effect on another, but in what ways a range of factors 
interact with one anothcL Ae researcher is working not with a single testable hypothesis 
but rather within a general set of hypotheses that make up a position: a theory of 
personality for example, or a concept of how children learn. This deliberately makes room 
for the observation of surprising, or unexpected phenomena. It emphasises the importance 
of 5etring (hence the "ecology" of education); the subject's participation m the evaluation or 
reseaich. and a recognition of the role of the experimentor or evaluatbr in any results. The 
tiaditional approach to the problem of experimenter intrusion (experimenter bias) is to try to 
make the situation as impeisonal as possible Thus a typical testing situation places a 4ester 
and a child (often strangers to each other) in a bare room with the tester reading a script 
and engaging m little interaction with the child being tested. The alternative, advocated by 
the qualitative method, is to recognize that even such styhzed controlled encounters have a 
biasing effect on children Thus, standarizatlon is considered less important than a 
description and recognition of the evaluator's role The intention is not to make the 
situation neutial. but to find a place for the person in research, to set up certain rules of 
behavior, and to assure that the role of the person is known, reported and understood 

In oui dPMgn, the structure of the data collection system is not separate from the objectives 
of the piogram. but is in part shaped by them The model for this methodological approach 
IS a ^^matrix" fust used by Brenda Engel at the Cambridge Alternative school (Engel, 1977) 
and since employed by Engel and Hem (1976) in a number of evaluation and research 
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^Midies The specific objectives of the piogram are matched with all available data collection 
means in a matnx format to develop the best correlation between types of objective and 
types of data collection methods For complex and difficult to specify objectives, a greater 
variety of means is employed to provide a reinforcing network of data which can support 
any concluMons fiom the study 

In work on LOGO (as with research on some other computer systems) we are particularly 
fortunate because the system itsetf provides ample opportunities for documentation *Thu$. 
for every spssion that a participant spends doing LOGO, there results not only the final 
piocfucts of that work (and any observations of the work or comments by the instructor) but 
also a complete record of each step taken by the participant in the form of a 'dribble file; 
the ptiiit out of commands used. In the current project, this data was one of several sources 
used to discern to whal extent children benefitted from exposure to LOCO. 

The total matrix utilized in the present project is illustrated on the next page. This matrix 
was developed over several meetings attended by the project members 

2,1.2 Si milar Work in Education Research 

This appioach to data collection is similar to that employed by other educational researchers. 
In recent years, a number of educators have used the documentation/observation approach 
to evaluate children's progress in school and :o re-assess curriculum. Two outstanding 
evaluation efforts in the public schools are the work of Brenda Engel (1977, a.b) at the 
Cambiidge Altei native School and that of Ruth Ann OIsom (1973, 1974) at the Ma'rcy Open 
School in Minneapolis 

In each case a wide range of data was gathered: observations. Interviews with teachers, 
childien and parents, results of manipulative tasks and work samples. The process of the 
evaluation was as important as the results all components of the school community were 
involved, and the tasks as well as the results were simple and direct, so that all members of 
the community could understand them 

At the Prospect School, North Bennington Vermont, a long-term confidential effort devoted 
to a detailed program or evaluation and research is being carried out under the direction of 
Patficia Carini. founder of the scliool. An impressive collection of materials have been 
gatheied since 1965, including (Carini, 1973) 

children's work, eg. drawings, photos, etc 

children's journals 

children's notebooks or wruten work 

teachers' weekly records 

teacher's leports to parents 

teachers' assessment of children's work In math, reading, activities 
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curNculum trees 
soclograms 

Not only is this daia collection systematic, but it is based on a carefully thought out research 
design (Carini, 1972) focused on. 

1 Experimental investigations of the thinking process 

2 Observations of children's spontaneous activity co provide: 

a longitudinal definition of developmental stages 
b longitudinal assessment of the impact of the innovative 
learning situation. 

3 Longitudinal observations of children, and recording of observations 

to provide 

a modification and qualification of developmental ttages. 
b. objectification of the continuity of transformations of affective 
and thematk content in the reorganization if successive 
developmental stages. 

The work at the Prospect School has been successful, not only ^heding light on child 
development, but as a gu:de for decisions about children and curriculum and as a source of 
data for teacher training and staff development. 

2,1»3 Evaluation Personne l 

We have been assisted in the desic:n and implementation of our research plan by Dr. 
George Hem and Ms Stephanie (i enny) Dunning, consultants to Education Development 
Center. Dr. Hem and M?. Dunning have participated in the meetings of our research staff, 
aided us in drawsng up our data collection matrix, designed and conducted pre*and-post 
interviews with the children, and carried out a series of regular observations which 
contributed to our data. 
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1. LOGO Programming 



2. •'Heuristic" ideas 
used in LOGO 



Potentially 
transferable skills, 
concepts, acquired 
in LOGO work. 



A. Which ARE transft_i.ec 



5. Attitudle changes 
Self Image 
Number 
School 

Computers 



"Childrens' Think- 
ing> 



XX 



XX 



a> Pedagogic Insights 



b. Children talkup 
about mental 
activity 



7. Irapact on 

Community; parents , 
teacher » 

school administra- 
tic 



Outside community 
requirements. 



£ 

O 

U 

CO 
CO 

a> 
H 



XX 



XX 



-UL 



CO 



c 

u 
O 

(0 



CO 



o 
H 

O 
O 
Q 

u 
o 

•i-J o 
O 

u 



CO 

u 
o 

H 



(4 



X X 



Towards other Students, 
Workshop in groups. 
Sharing work. 
Sharing ideas. 
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2.2 Remn rkg on Teaohing 

Thp LOGO language and introductory LOCO activities can form the basis for several 
diffcienl kinds of learning, integrated in a complex way Into the actual classroom activities 
of the children. WMIe these types of lea^-ning can and do occur simultaneously, it is 
valuable to list them as separable goals, and to assign priorities, for the purpose of 
developing a classroom organization and teaching strategies. The major goals of leaching 
LOGO, as defined in our proposed research are. 

1 Learning to feel comfortable with a computer, and in control of what the 
computer does. The child will learn that he/she can decide what the computer 
wi;i do. and have the computer carry out a set of Instructions. There are 
many ways in which children can use the computer in their own fashion, 

2 Learning the elements of the LOGO computer language. This includes 
commands that are included in the language, how to write and name 
procedures and subprocedures. use recursion and/or iteration, how to defme, 
name and use variables, as well as conditionals and stop rules, etc. 

3 Learning the "subject matter" of turtle geometry. This includes concepts 
involving measurement and estimation o' angles and distances; the relations 
among angles and distances, necessary to produce certain well defined shapes 
suci^as a square, triangle, polygon, star or circle; such general geometric 
conce'pts as similarity, scaling and symmetry, etc. 

4 Learning to develop problem solving skills. This Includes such things as 
procedural thinking, "playing turtle**, "playing computer", the concept of a 
"bug" in a computer program, and strategies for debugging and planning, the 
usefulness of generalizations or "big ideas"; and the development of a 
language with which to discuss all these things. 

The LOCO language and computer activities are designed so that all these things can 
happen simultaneously as the child works on projects which he or she has Initiated. 

The mitial projects and the initial knowledge needed are designed to be simple enough that 
a child can learn them relatively easily, and begin to feel successful, and in control, right 
from ihe start Additional aspects of the language and projects of greater sophistication are 
added as each child becomes comfortable with them Directing the computer to carry out a 
series of steps involves planning. Gaps, misconceptions or errors In the planning lead to 
"bugs" which have to be eliminated. Thus the teacher can help the child begin to develop 
problem solving skills needed to debug the child's work By discussing all of these things 
explicity. a language is built up that can be applied to other Kinds of problem-solving 
situations 
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In piactical situations, with a group of children and one teacher, things do not always work 
out quite as "conveniently", as described above Some children are extremely adept at using 
elements of tU' -e geometry to create designs and drawings, but have a great deal of 
difficiilty with the syntax of the computer language For others, the reverse is true. Some 
children may be comfortable with both, but have a limited tolerance for new approaches to 
problem-solving 

We have found, therefore^ that in order to create a learning environment that supports the 
learning of all of the children in a grpup. we have made learning to be comfortable with the 
computer, enabling the learner to feel in control, the first priority among the four goals. We 
want rlir students to develop their working styles and sets of priorities, and expect that they 
will t'el good about what they have done. On the other hand, they will not all cover the 
same subject matter in any given period of time Some may carry out involved projects 
involving the use of subprocedures and superprocedures, but may not become adept at using 
f|Cursion though they will be exposed to it Others may use recursion expertly to create a 
number of fascinating designs, but may not become adept at using subprocedures. Our 
results show that the children have many different approaches, and successfully follow 
several different learning paths 

2.3 Organization of the LOGO Classroonn 

Thr classroom itself consists of four independent microcomputers, each with its own 
k'.'yboaid and display screen One lineprinter is available for use with one of the computers 
when necessary The childien are sup^^lied with notebooks, graph paper drawing paper, 
diffeienl kinds of pens, pencils and markers, as well as a full set of stationary supplies. A 
small tound table, near a bl*:kboard or bulletin board provides a setting for group lessons 
or Discussions, and for informal conversation among the children. Bulletin boards around 
the room provide a means of display of children's work 

2.4 S pecific Teaching Strategies in the aOGO Classroom 

The initial contact centers around usiffg the basic turtle commands FORWARD, BACK, 
RIGHT, LEFT and clearscreen, mastering syntax matters such as spacing, use of 
CARRIAGE RETURN, and leading and taking notice of error messages. The children are 
encouraged to define their own tasks, typically involving drawing a specific^'^simple** figure 
such as a square, a house, a flower, or their initials; and to record the steps as they go along, 
so that they will be able to "teach it to the computer". The later involves an early 
intioduction to writing PROCEDURES 

It IS at this point, that the child begins to feel a sense of control. **! made that design!" 
Procednrrs can now be saved, repea^'^i, showed off to friends. Integrated Into a larger 
design The importance of the child's jrst procedure being an Individual one (even If It's 
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an Idea that the teacher suggested and helped w.th ) .s very critical in determining the 
child's relationship with the computer as the classes progress 

From this point on. each child's work Is different. Some get interested In repeating simple 
figuTe ntroducing simple variations and repeating agam. ^he" children might ge in o 
using recursion and variables in a fairly short time. Others might have ^'»'>->'^ 
computer drawings These children might get Into use of '^P^nZtrio ^ 
subpiocedures righfaway. The best of all worlds occurs when these children begm to show 
e ch' oTher [he/work and swap ideas and approaches. Children are -J-^f^ 
each othei's procedures, even to copy them line by line at times. A lot of very useful 
debugging occurs when a "copied" procedure leads to an unexpected result. 

AS the classes continue, the teacher takes on the role of "guide"; ;;;e ^^i";;;- 

choose projects or in suggesting projects to children based on '^^T'Tl ntTu 
He/she win introduce new material when appropriate, encourage children ^XZ'ZourZ 
programming styles by the use of model programs and suggestions for debugging '"^JJ'g; 
L children to investigate certain areas more deeply, and In general, hejp the children 
consolidate their learning. 

At intervals, the children meet for group lessons and to share and discuss their ^^^^- J^'y 
each keep a notebook in which th^y make drawings, write out plans, record '"f°^"^^» 
keep printed records of their procedures, and make a brief daily comment about what they 
have accomplished. 

Throughout the classes, the teacher makes a daily study of each ^•'"^^ " 
complete printed record of the child's interaction with the cornputer. In =»dd.t.on to 
providing much of the data on which our research study of '»'^^^»'"^-" ^ "^^^^^^ '^,'Vafh 
ihe dribble files are an invaluable source of information to the teacher as to what each 
child's working style, methods of problem-solving, strengths and weaknesses ^""^ JJ" 
info.mation is used In planning the individual teaching strategies that are developed for 
each chtid as the classes progress 

2.5 Comparisons with S imilar Studies 

In this section we comment briefly on four previous studies with a close realtionship to our 
own In each case we point out the salient difference in methodology. 

Work in Edinburgh 

The largest study has been earned out in Edinburgh where three successive cohorts of II 
vear-old boys at George Hcrlot's School have had an ongoing Experience in a LOCO 
Tnvn onment'for the past 3 1/2 years. This enterprise Is currently b^.ng -;^^P^^ 
a as yet no published account of the work. However, personal communication between our 
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lab ?nd the Edinburgh group is close, and it is clear that an impressive amount of 
documentation of the LOGO work there has been accumulated This allows for Interesting 
and productive comparisons 

For pxampir the Edinburgh approach has been summarised from a talk given by O'Shea 
at the summer LOCO meeting in 1977 

«* ^ 
While much LOGO work has concentrated on one to one interaction of^teacher and student 

in a LOCO environment, this effort was concerned with tactics and materials for a large 

grbup of kids A primer was developed, with descriptions of concepts, sample programs, and 

worksheets Students maintainc'd scrapbooks documenting their successes, as well as 

accumulating computer output The teacher strategy favored kids working with each other 

and exploiing for their own answers, rather than asking the teacher to solve problems which 

developed 

0*Shea noted three stages of learning most of the students went through: 

I Progiammmg only for the end product, verbal output or graphic design. 

2. Style conscious programming -- making programs which Include correct 
form» pel haps using a new concept which is being studied; 

3 Progiammmg to soWe problems O^Shea (SIGQUE 19/) 

We have not found much evidence in our study of a progression through these three phases 
of learning Instead we find examples of students whose predominant mode is (I) or (3) 
above with no obvious evidence of (2). We suggest that there may be an important 
connection between this difference and the work-from-a-manual approach which tends to 
characterize the Edinburgh work In such a framework, there is a notion of a sequence off 
logi^cs to be followed in which the presentation of topic I is accompanied by exposure to 
model programs and working through worksheet examples of the concept, after which topic 
2 IS moved to 

Theie aie distinct advantages in the way this approach structures the classroom activities for 
teachers and childien who are comfortable with such a structured approach, and Indeed our 
description implies moie rigidity than actual practice in Edinburgh warrants. What we see 
emeigmg is the possibility of isolating consequences of particular teaching styles within what 
may be thought of as rather similar learning environments 

Muzzy school experiment, (Feuerzeig, 1971) 

This took place at an early stage in the evaluation of these ideas before turtle geometry had 
been devrloped We deliberately selected "ave-age" children as our subjects (unlike the 
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present sample which contains children at a greater ranges of abHities). We used as outside 
observers four leading figures In the field of math education and whilst their comments were 
very helpful in contributing to the theoretical basis of our work, their participation did not 
yield useful information about how to look at children in this learning situation. Our 
present project constitutes a grea^ advance in this respect 

Work at Xerox Palo Alto Research Center, 1974 - . 

This IS reported in TEACHING SMALLTALK by Adele Goldberg and Alan Kay (1977). 
Thefc ate important ways in which our learning environment resembles that developed and 
used by this group As regards the selection of students, much of the Xerox work 1$ done 
with "mentally gifted minors" The published details do not allow for the kinds of analyses- 
in-depth which we present here, concerning the different ways In which children use the 
possibilities of the system 

Work at Syracuse 

Joyce Statz reports work using mechanical turtles. The positive aspects of her work are In 
line with what we observe here. However, the limitations in the quantity and quality of 
hardware made it Impossible for her subjects to become as Involved as ours were In 
individual projects This factor, together with the evolution of instructional techniques since 
then accounts for the fact that our subjects seem to make more progress In similar time. 
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Student Summaries — Introduction 



The section that follows offers a brief assessment of the progress of each of the eight 
children in our trial classes The assessments are summaries of the detailed analysis of each 
child's v'ork to be found in section II of this report. The summaries include a statement of 
how the child is perceived as a student in the regular academic areas of the school, a 
description of "what the child learned'* in the LOGO classes, an analysis of each child's 
particular strengths and problems, and the particular teaching strategies that were 
considered appropriate for each child In surveying this material, one should bear in mind 
that the students' learning took place in a project oriented setting and no attempt was made 
to expose all students to the same "standard Logo curriculum." Rather, the teacher 
intioduced npw Logo material to students on an individual basis, and in a way which would 
be integrated in their individual projects. Consequently, we observed different students 
concent! ating on different aspects of Logo For example, some organized most of their 
learning experiences around the creation of free-form "emergent" designs, while others 
concent! ated on elaborately planned projects Most of the students* work related to computti 
graphrs, but a few also undertook non graphics projects. The eight students in the 
experimental gioup spanned a wide range of interests and cognitive styles. One of the 
strengths of this kind of Logo learning environment is that it can appeal to students across 
such a spectrum and allow for projects that can be of interest to each of them. 
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3, Individual Profiles? 



Gary ^ 

Gary's considered to be "extremely bright" by his teachers. (His overall national percentile 
ranking of 99 on his most recently recorded school achievement tests, makes him one of the 
two or three highest scoring students in his grade at Lincoln School.) His teachers report 
that they find it difficult to find ways to challenge him within his regular school program, 
while at the same time reporting "peculiar gaps" in his academic knowledge - )n the area of 
standard computational skills, for example. 

Gaiy seems to have found LOCO to be a satisfactory challenge. He completed three major 
projects in different areas: using arcs and circles to draw a face; (session 7-8) creating a 
simple math quiz, (sessions 10-13) and drawing and animating a starship. (Sessions 13-16) He 
had confidently begun a fourth major project - writing a computer prograrp capable of 
"understanding** morse code, and transmitting it to a radio receiver - when the series of 
classes ended During the course of his work. Gary mastered the use of recusion and 
variables in a number of different, contexts; he understood the use of conditionals and 
"branching"; he learned to write state transparent procedures, and to use superprocedures 
with modular subprocedures In drawing his starship. He was beginning to understand list 
and word processing, as well as the concepts of the "empty list" and the "empty word" In his 
last project 

Gary *s method of working was to plunge confidently into a problem "headfirst", with little 
advance planning. He would then encounter many bugs, which he usually enjoyed finding 
and eliminating - sometimes asking for help when frustrated. He took particular delight in 
bugs which produced designs unlike what he had intended. Most of his work was carried 
out in a step'by step fashion, resjiting in long, complicated procedures, difficult to debug. 
Once, when specifically requested to, he carried out a revision of his starship design, to use a 
superprocedure, and modulai subprocedure. rather than one long procedure. In this way he 
showed that he was quite capable of learning to improve his programming style. 

My stfrttegy in teaching him was to offer him simple models of a particular kind of 
procedu.e. give him the information he needed, and leave him alone to elaborate on the 
model, providing help only when asked When one phase of a project was finished, f 
generally suggested some challenges that built on the finished work - or occasionally 
requested that he alter or improve his work. In this way. Gary was able to nwve ahead on 
his own, at as fast a rate as he could absorb. 



LOGO Progranining Concepts 



Name Gary 



• Uses with Help 

Uses without teacher's help 



!.ess1on no 



basic turtle commands^ 

arc and circle primitives 
PRINT and TYPE 



defining procedures 

subprocedures 

input: 



ccndi tionals and stop rules 
simple recursion 



1 

HI 



113 



m 



151 



17 



211 



23 



recursion: varying Inputs 



Mathematical Concepts 



session no 

recognizing size of screen ^ 

estimating length 
estimating angles 
special angles 



W 
180.360 
30,60,120 _ 
45 



shapes: 



square^ 

triangle 
hexago n 
other pCCYs" 



stars 



rectangles 
spirals I 

circles 



similarity and scaling 
symnetry " 



right/left revers1bi11ty_ 
back/forwrd reversibility" 

cartesian coordinates 



variables; size and direction 

variables to control procedures 

positive and negative numbers 

aggregation. 



131 



radius of curvature^ 
total turtle trip 



151 



II 



17 



211 



23 



ERIC 
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A SAMPLE OF GARY'S WORK: 



TO MATH 

1« F»RINT CWOULD VOU LIKE TO HRVE fl MHTH TEST^] 
15 MAKE "RNS RE0IIE«;T 

TO MflTHl 

5 MAKE "NUm WORD RflNDOM RflNDOM 

IF FIRST NUMl = P» GO «=i 
7 MRKE "NUri2 WORD RflNC^OM "pflNDnM 

IF FIRST ■NUM2 a P» Qfi 7 
PRINT < SENTENCE ZV.y.l Ni IMl ^ 
15 PRINT :+] I 
20 PRINT (. SENTENCE Zy.y.l ■ Ni Iri2 ^ 

r-i PRINT : ] 

MRKE "RNS TVPEIN 

TEST RNS » NUMl + NUri2 
40 IFTRUE PPIfJT C CORRECT ! ] MflTH^ ^TOp 
su, IFFRLSE PRINT C TPV RGRIN^]^ ' 
*?M Gi.i ICi 

TO rinTH2 

10 PRINT CWOULD VOU LIKE TO HRVE RfJOTHER PRnEiLEM-? ] 
21:1 MRKE "RrjS REOIIE-^.T 

40 {p pnI - fmn p orJl'^ ^ '^^''^ ''^ ] MRTHl STOP 

END ^'^^^^ "^^^^ ''^^^T SEE VOU NFKT tTmEm" STOP 

rn Mrth? 

^- PRINT : WELCOME TO THE WORLD np MATH' ] 

10 PRINT C17 + 28=] 

2n MRKE "RNS TVPEIN 

?0 TFST RNS = 17 + 2e 

dii TFTpliE PRirJT CCnRRECT' ] -^TOP 

SM IFFRLSE PRINT C TRV RGfllN^J 

no 10 

EtiL- 
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Kevin 



Kevin IS a student who is considered to be conscientious, but "below average" in most of his 
school work (His overall national percentile ranking of 31 on his most recently recorded 
achievemrnt te.ts corresponds w.th this assessment by his teachers) Nevertheless. Kevin was 
consistently a very able student in working with LOGO. 

Kevin began the series of classes w.th a confident and accurate control of the turtle, which 
persisted throughout his work He did not initially have the same sureness in using the 
computer as a tool to simplify and organize his work. Kevin's most significant project was 
the design and animation of a large turtle (sessions 10-17), which he drew on the display 
screen using circle and arc procedures. While working on this project, he began to use the 
Idea of subprocedures and state transparent procedures to simplify his work. During the last 
few classes he worked on projects involving the use of two and three variables to produce 
designs which used the idea of similarity as a guiding feature, such as his TUNNEL 
procedure (session 21) 

Kevin demonstrated a clear understanding* of the concept of variables and was able to add 
variables to his procedures to control both the size and shape of the design elements jind the 
starting and stopping of the procedure. He had moved in his work from using the computer 
to control the t_urtle. to learning how to use variables to control the processes of the computer 



Kevins major difficulty ,n working w.th the computer was an initial reluctance to plan 
ahead, or to think about and structure his work more than one step at a time The teaching 
strategy that was used tO deal with this was to supply Kevin with new ideas at exactly the 
moment when they made the greatest sense to him. When they simplified his work or 
answered an immediate need In this way he was able to assimilate new ideas, and 
incorporate them in his subsequent work 



L060 Progranininq Concepts 



Kevin 



session no: 



basic turtle commands^ 
arc and circle prlmltTveT 
PRINT and TYPE 



defining procedures 

subprocedures 

1nputs_ 



cond 1 tlonals and 



fuses with Help 

•f-Uses without teacher's help 



IITI 



fl3 



nsi 



117 



19 



2a 



23 



stop rules_ 

simple recursion 
recursion: varying inputs 



Mathematical Concepts 



session no 
recognizing size of screen 
estimating length 
estimating angles - 
special angles: 



180.360 
30.60.120 
45 



shapes: 



square 
triangle 

hexagon 

other rtOT 



stars 



rectangles 
spirals ~_ 

circles 



similarity and scaling 
symmetry ^ 



right/left reversibility 

back/ forward reversibility 

cartesian coordinates 

variables; size and d1rect<oa_^ 
variables to control procedures 

positive and negative numbers 

aggregat1on_ ^ 

radius of curve ture_ 

total turtle trip 



ii 



1 



I 



121 (151 



'1 



i 



MM 



17 



IT9I 



i 



23 



K .J 



ERIC 



A SAMPLE OF KEVIN'S WORK: 



TO TUNNEL .SIZF 

le POLY :9lZL4m 

2e IF :SIZE . iU arw 

3e TONNEL :8izi': 




TUNNEL 



TURTLE 
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Donald 

Donald is considered to be "abov^ average" by his teachers. He is new to the school this 
year (no achievement lest scores available.) Donald's work in the LOCO classes revealed an 
oveaall competence In analytical approaches, combined wjlh a certain amount of confusion 
about details. 

Donald spent most of his class time on a single extended project: making the computer draw 
an elaborate HEAD, which included a beard, hair, a hat and a flower. In addition to the 
usual features - eyes. ears, nose and mouth. Donald worked over a period of 14 sessions on 
this project (sessions 8-22). He began by drawing a picture of what he wanted the head to 
look like, and foltewing the teacher's suggestion, wrote out a super*procedure to draw the 
head, and used separate subprocedures to add each of the features. In the course of his 
wotk. Donald had to do a great deal of estimating of both distances and angles, use arc and 
circle procedures, use procedures that repeal, use variables to control size and angles, and 
especially, learn to separate a problem into parts, to make it eaiifr to solve. In addition, he 
used a POLY procedure to make a FLOWER ^or his head, and had to use recursion, as 
well as a conditional and stop rule. 

Through his work. Donald had dllTlculty In understanding the effect uf the state of the 
turtle at any given time. He could not always predict where the new step would occur. At 
times it set.-nrd as If Donald had some difficulty In seeing exactly where the turtle was 
headed. The teaching str». -^y employed to help Donald deal with these problems was to 
help him develop tools of mathematical analysis, to help him figure out the best way to aim 
the turtle, without relying totally on visual experimentation. In this way he was exposed to 
the idea of using a kind of ''grid'* to help him maneuver the turtle around his HEAD, and 
to see how the total angle turned by the turtle in. a given situation, was key to deciding how 
much more he h;<d to turn it next In addition, he was shown how to break up even a small 
pioblem i txo parts for example, in placing a mouth on his face, he had to decide which 
arc to use for the mouth, how to orient of the turtle, and to choose the correct starting point 
for the mouth. By separating this problem into three distinct steps he was able to overcome 
obstacles that might have interferred with his success. At the same time he was learning 
principles of geometry, computer programming, design and planning. 



LOGO Progranmlng Concepts 



Name 



Donald 



#Uses with Help. 

"IfUses without teacher's help 



session no: 



basic turtle comroands^ 

arc and circle primitives 
PRINT and TYPE 



defining procedures 

subprocedures 

1nputs_ 



cond ftlonals and stop ru1es_ 

simple recursion 

recursion: varying Inputs 



[13 



17 



19 



211 



23 



Mathematical Concepts 



session no: 
recognizing size of screen 


1 








5" 




i 


9 


111 




13 




IS 




17 




T9 




21 




23 




estimating length 
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estimating angles 
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special angles: 90 
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shapes: square 


f 


















( 






























triangle 
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0 




































hexagon 


















































other POLYS 
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stars 
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re^cangles 
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spirals 


















































circles 
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similarity and scaling 


















































sywnetry 


















































rlght/lef^ reversibility 
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back/forward reversibility 
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r— 




cartesian coordinates 


















































variables; size and direction 


















0 












t 






• 














variables to control procedures 
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positive and negative numbers 
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aggregation 


















































radius of curvature 
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tota' turtle trip 



















































A SAMPLE OF DONALD'S WORK: 



BOX 



EYES 




NOSE 
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HOW TO BUILD A HEh 



TO HEAD 

1 BOX 

2 EYEi? 

3 mt'K 

4 MOimf 

5 m>m) 

6 HA!R 
70 EAI\S 

HAT 
J* FLOWER 



FLOWER 




HEAD 



HAT 



'iiiiiiiiiiiiiiifiijiJr'" 

O O t 



EARS 




HAIR 



MOUTH 



ERIC 




BEARD 
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LAURA 

Laii.a ,5 consideied to bean "average" student by her teachers. (On her most recently 
recoided school achievement tests, her national perc-ntile ranking was 38.) Laura got off to a 
good start in her LOCO work, quickly mastering the basic turtle commands, and the use of 
subproceduics By session 8 she had completed a substantial project -- drawing - foce using 
a top-down program structure v.. H subprocedures for the various parts, but did not 
maintain a high rate of progress throughout Che classes. 

Laura showed great mterst in making iarge. freely conceived designs on the display screen 
She created the designs one step at a time, considering thoughtfully the size and placement 
of each new addition to her creation It was difficult for Laura to make the transition to 
formalization of her work, to breaking it down into small tasks, and to planning and 
organization Consequently, there was often a gap between what Laura wanted to 
accomplish, and what she was able to accomplish. Laura did carry out a few major projects- 
a FACE project with several subprocedures; a series of designs using circles and squares of 
variable sizes constructed by means of recursive procedures with changing Inputs (sessions 
10-15). a madhbs language game ((sessions 17-19). for which Laura created the basic story, 
wrote out lists of nouns, verbs, adjectives, and adverbs, and for which the teacher helped 
with most of the programming, and causing the computer to draw her initials (session 25). 

Sometimes Laura appeared to be bored. In hindsight, this appears to have been a 
manifestation of confusion, rather than boredom. Too much stress was placed on offering 
her new ,deas, rather than understanding her confusion, and taking steps to help her limit 
hei choices and consolidate her earlier learning. Laura's difficulties were compounded by 
the fact that she did not like to ask for help, she did not like to be observed In her work, 
and she assumed an "air of confidence", at all times. 




LOGO Prograinning Concepts 



Laura 



fuses with Help 
Uses without teacher's help 



session no: 



basic turtle couBMnds.^ 

arc and circle prlml tlves 
PRINT and T/PE 



defining procedures, 

subprocedures 

Inputs 



conditionals and stop rules 
simple recursion 



3) 



Mm 



SI 



ITI 



113 



151 



17 



19 



23 



recursion: varying 1nputs_ 



Mathematical Concepts 



session no 

recognizing size of screen 

estimating length 
estimating angles - 
special angles: 



"9D- 
180,360 
30.60.120 

45r 



shapes: 



squar e 
triangli 
hexago n 
other POLts 



stars 



rectangles, 
spirals '_ 

circles 



slMilarlty and scaling, 
$>iiiietry 



right/left reversibility 

back/forward reversibility 



cartesian coordinates 
variables; size and direction 
variables to control procedures 

positive and negative numbers 

aggregation 



radius of curvature, 
total turtle trip 



il 



44i 



131 



151 



17 



i 



23 
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A SAMPLE OF LAURA'S WORK: 
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TO FACE 

" ttO£S 

c-IGHTFVF 
I EFTFVF 
MOUTH 



t 

-> 

s 




TO NOES 
1 LEFT 90 
> rOPMRPC* 20 
^ PTGHT 90 
4 sru iRPE 

7 LFFT '^n 
Ti l PTnHTFVF 

FOPMppn f,i-i 

\ TFT '^l.l 

7 Li'TPfLF 

I FF TEVF 
i PTGHT 90 
pFfJiJP 

FMPMRPn eri 
4 PTGHT 90 
^, pFrJhni.iN 



TO MOUTH 



ERIC 



PENUP 

Fnp|,|flpc> 

RIGHT 90 

PENOOt.JfJ 
Fnpi.iRpf, cip, 

HIDETUPTLE 



Tn S(?iJf¥tE± 
1 



.1 

IS 

t 

7 
ft 

in PFf^UP 

FOPHflPD 70 
?0 PIGHT 90 
4(1 FOPHfiPD 160 
•50 PENPOHN 
'^O LTNEl 
70 LINEl 
80 LINEl 
90 LINCl 




FACE 



TO LINEl 

1 «^IliHT 99 

2 FOPWfiPD 22^ 
END 



1 



Deborah 



* Deborah is considered by her teachers to be ttlow average in overall ability. (Her most 
recent scores on a school achievement test place her in the 20th percentile nationally). She is 
extremely quitet and appears quite reserved In a new situation. 

Deborah was very dependent on the teacher for conitant reassurance, during the early stages 
of her work in LOCO and all through her first project - drawing her initials (sessions 5-7). 
Deborah (beginning in session 8) was encouraged to experiment freely with the basic turtle 
commands By limiting the numbers she chose to use as inputs to FORWARD, RIGHT and 
LEFT commands, she was gradually able to gain confidence and control ever her work. She 
seemed to hve a "knack" for choosing numbers which produced Interesting designs, and she 
gradually learned to write procedures to teach her designs to the computer. This seems to 
have been a breakthrough for Deborah, and she began to suggest and carry out 
independent projects in a purposeful way. 

By the end of the series of classes Deborah had created some unusual designs which won 
praise from her classmates; had carrried out a major project of drawing a rabbit, which 
required the use of ptanning and subprocedures (sessions 17-24); and had developed 
confidence in herself and in her ability to use the computer. Deborah's parents reported that 
this was the first time she had been excited about anything In school. Her teachers reported 
that she had become more assertive in class and had asked for extra help after Khool, etc. 

The teaching strategy that was developed in response to Deborah's extreme dependence, and 
her compulsive need for getting a "correct result" on her first project, was to encourage her 
to "experiment" with a few basic commands - without striving for any particular result. In 
this way. she was able to design sonw simple projects, after first carrying them out by direct 
commands. When she chose to undertake her rabbit project, after 7 or 8 classes of free 
experimentation, she already understood how to write simple procedures, and how n use 
subprocedures as part of a larger entity. She was able to carry out the experimentation 
needed for each part of her project Independently. The teacher's role became one of 
providing Deborah with help, when she needed it, In the context of work which she herself 
had defmed,and understTxxi. 



LOGO Progranwlng Concepts 



Name Deborah 

•Uses with Help 

^Uses without teacher's help 



session no; 

basic turtle commands 
arc and circle primitives 
PRINT and TYPE 


1 
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13 
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17 




1« 




21 
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acTimng procedures 
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subprocedures 
Inputs 










• 


























• 


• 












conditionals and stop rules 

simple recursion 
recursion: varying Inputs 
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Mathematical Concepts 



session no 

recognizing size of screen 

estimating length 

estimating angles 
special angles 



180.360 
30.60.120 

45~ 



shapes : 



square 
triangle" 



hexagon 

other POLYs 



stars 



rectangles 
spirals ] 

circles 



similarity and scaling 
symmetry 



right/ left reversibility 

back/forward reversibility 

cartesian coordinates,^ 

variables; size and direction 

variables to control procedures 

po Itlve and negative numbers 

aggregation 

radius of curtatur e 
total turtle trip 



4l#Jjll2l*I4 



iinanafi:i 



A S/V4PLE OF DEBORAH'S WORK: 



r 

4 — 

HAT 




HAT 

LITTLEEYES 
FACE 



oa 



HAT 

LITTLEEYES 




RABBIT 
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Monica 

Monica is considered to be an "average" student by her teachers, (Her most recent school 
administed national achievement test ranking was in the 47th percentile.) Her teachers find 
that she prefers to base her activities solidly on things she knows, rather than to strike out 
into new aieas 

Monica's work in the LOCO classes followed this pattern as well. She learned the basics of 
LOGO quickly and easily. She established a very successful technique for making 
interesting geometric designs by ving the computer draw a shape, rotate the turtle 
through a fixed angle, and then repeat the sequence over and over; She learned to use 
recursion to pioduce this kind of effect easily, and eventually learned to make the angle of 
rotation a variable, so that the same procedure could be used to make a number of different, 
though related, designs Toward the end of the series of classes, she had learned to make 
regular use of recursive procedures with inputs and stop rules. Throughout her work 
Monica had a very good sense for the state of the turtle at any moment, and could predict 
the location of the next shape drawn by the computer more easily than her classmates. 

Monica v^/orked very closely with Kathy during the LOCO classes and the two girls often 
adapted and built uppn each other's projedts. Monica did not work on any long term 
projects, oi get seriously involved with editing and debugging. She often had difficulty 
deciding what to do. and in choosing names for her procedures. Her projects tended to be 
shoit. and if they didn't work out. she usually preferred to disregard the procedure entirely, 
rather than to ask for help or to try to change it. Teaching strategies for Monica focussed 
on helping hei become more aware of the non-graphics output of the computer - error 
messages for example, and of different types of bugs and how to identify and correct them. 
Through her own choice of working with repeated rotations, Monica was helped to 
iindei stand recursion, and the use of variables, and was beginning to use conditionals and 
stop lules Toward the end of the series of classes Monica expressed interst In "correcting" 
(debugging) a rather lengthy procedure, and was beginning to be able to look at procedures 
in a step-by step manner for the purpose of analyzing and correcting them. 

It IS possible that Monica's would have benefitted from being able to use a carefully 
designed set of worksheets, structured to lead her from o.ie concept to another, with many 
small projects along the way. 
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LOGO Progrannlng Concepts 

Monica 

_ J Uses with Help 

-JfUses without teacher's help 



session no. 

1.^3 iw turLie COmOBiluS 
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PRINT and TYPE 
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conditionals and stop rules 
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Kathy 



Kathy, a student who was new to the school this year, is considered to be an "above average- 
student (Her most recent school administered achievement tests place her in the 54th 
percentile.' overall.) She Is cheerful, confident, and enjoys "playing" with words and ideas. 
Kathy and Monica worked together very closely during the LOGO classes. 

'€1 in reading, 66 in language, 29 in mathematics. 

Kathy worked mainly on small projects, gradually increasing the size and scope of her work 
as the classes went on She often used the strategy of making a design, then repeating It, 
until it closed or until she had a design she liked. When bugs occurred, Kathy would 
analyze them, and work on her proceduri^ until she felt she had corrected it. She enjoyed 
thinking about her work - often maklnp extensions or comparisons In ways that showed 
that she understood the importance of relations among different objects. (For example, she 
made a WORM procedure, then proceeded to make WORMY, twice as big, or in a different 
kind of relation, copied a procedure called HORSE, which drew a series of rotated boxes. 
When she repeated HORSE five times, she called it BARN.) Most of Kathy's work 
Involved this kind of repealed free-form design, and the various design strategies served as 
vehicles for introducing such programming constructs as inputs, recursion and stop rules. 

Kathy's last two projects, MONSTER and BIRDMAN (sessions 19-22), were more elaborate 
designs, using carefully related arcs and circles They led Kathy into situations In which she 
had to use subprocedures and to engage in careful debugging. 

Teaching strategies for Kathy involved suggesting projects that allowed her to extend her 
knowledge of ways of using LOCO, and of encouraging her to undertake projects that 
involved larger degrees of planning, and made it more likely that she would get involved 
with debugging situations. Although Kathy enjoyed creating new Ideas, and she like 
carefully defined challenges, she did have a tendency to keep her work focussed on small 
challenges She was also urged to be more analytical In understanding the effects of the 
variables she used. 



LOGO Prograinnlng Concepts 
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Ray 

Ray IS a studpnr who has been diagnosed by school personnel as having "l^rnlng 
disabilities" He is tutored individually by a learning disabilities specialist several times each 
v.-eK His trachers feel that at the beginning of the year he was noticeably "slipping" in his 
seriousness as a student (His most recent school administered achievement test placed him 
in the 9th percentile, based on his overall scores) 

Although Ray was initially quite successful in controlling the motion of the turtle, he held 
himself somewhat ahof from the activities in the LOCO classes, As a result, he never 
succeeded in wnting a procedure without assistance, although he had considerable success 
(with help) on sevetal projects such as drawing and animating a rocket (sessions 13-15). and 
in using the computer with procedures that enabled him to explore geometric shapes. In 
general. Ray had success using the computer In two kinds of situations; when a teacher was 
helping him intensely during a session, and when he was working In a way that required 
him to lemember only one variable at a time. 

The teaching strategy for Ray was to try to structure situations in which he could be 
successful Whci, these situatfbns required a lot of help from the teacher, he would usually 
foiget what to do when the teacher was no longer present. For the longest time, Ray did 
not engage in much "free experimentation" with the turtle. But towards the end of the scries 
of classes (session 19) he was given a POLY procedure which requires two Inputs to produce 
a series of closed geometric shapes, and a SPIRAL procedure which required three Inputs 
and produced a variety of spiral shapes Ray gradually learned how to control the Inputs to 
produce certain shapes in a predictable way For the first time, he began to experiment In a 
purposeful way. to write things down in his notebook, to use those notes to remember 
successful designs He began to gain confidence In his ability to control the computer. He 
invit,-,'/ a fiiend to class - together they had a very exciting time exploring the shapes 
produced by the POLY and SPI procedures Ray's teachers also reported a noticeable 
improvement in his attitude in class, which they attributed partly tohls feeling of success In 
the LOGO classroom 
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SPI 10 100 1 



spi 10 zee 1 




SPI 10 300 1 
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SPI 10 fee 1 
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4. Theoretical Interpretations 

4.1 Scienoe Skills and Concepts Involved in LOGO 

What we calk about in this section is usually called "screnlific method" rather than domain- 
specific The mam "science concept" involved in LOCO involves the unstated analogy 
between the concept of hypothesis formation and testing creation of a revised hypothesis, on 
the one hand, and the process of writing a LOGO procedure, trying it out, and debugging 
it Development of a sense of this type of process is a major goal of all elementary school 
science curricula, and it is a major component of LOGO as well 

To talk about "acquisition" of the kind of skills and concepts involved here would be 
misleading But we can provide some evidence for an implicit or an explicit exposure to 
soni^ of them in some of the children's activities. 

A working scientist is accustomed to using multiple representations to achieve greater 
certainty and efficiency Let us take an example, a simple physics collision problem: 



1) A scientist abstracts the problem. Important conceptual structures (like 
conservation of energy) guide a translation Into a formalism (perhaps an 
equation) 

2) The formalism is manipulated in its own terms (the equation is solved). 

3) The formalism u interpreted <v - 0 means the collision causes an object to 
stop) 



Now consider a child drawing a picture in Logo On the one hand there Is his perception 
and interpretation of the picture and on the other there is the formalism of turtle drawing. 
The latter involves a few simple operators, some important larger-scaled structures (iteration, 
recursion, inputs etc), and ? collection of things it can do well and simply with these 
structures The child's problem is to abstract into the formalism - an eye becomes a circle, a 
nose becomes two arcs In a more complex case the hairs in Donald's face's beard become 
iterated pieces of a spoke pattern 



Notice how different a conception of a series of simple line strokes Is needed to make this 

transformation 
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u.o., m m r H 7""'^ P'"" °^ '^'^ reinterpreted picture w.tMn the formalism; a 
p.og.am must be created w.th the proper syntax and sequencing. All along and particularly 
• Wh " other than expected, the formalism must be interpreted 

What w.ii that program do'' In the turtle environment Dan encouraged "piayinfr turtle" as 
a syntonic mechanism for this mterpretation ^ ^ ^ 

Th.re is^another important large scale process involved in the Logo experience, th e art of 
every engineer experiences and iearns to appreciate the complex interaction ber;;;^;;^ 
ends and means, goals - both aesthetic and pragmatic - and materials. Logo graphics 
particula.ly .nv.tes elaborate and clear goals, and then the necessary compromitf^o^aXv" 
them The reader ,s mvited to consider, for example, Kevin's turtle detailed in section U. 

This kind of learning is ve.y large scaled, hard to pindown and measure. Though we arc 
on y an e^.ly stage m being able to describe and objectify what is involved, that does not 
essen ou, conviction that it is an important kind of learning. We can, however, point to 
some exemplary explicit encoumers w.th various subparts and related ideas 

HeiiLisficj - Students are suggestions for organizing a problem for solving. "Divide a 

problem into p.rts - do the parts separately" Certain students can be seen to have 
mastered ,h,s advide. Gary. Donald. Kenny. It is important that the procedure-subprocedure 
model reinforces in a very concrete way the Idea. Donald's construction of his face wa, 
guided by the top-duwn structure which he wrote Into his program when he started It as 
much as It IS by his having learned In the abstract to "subdivide" 

i.?e'n!l V"' '°k''""." "? '° "P"'" ^'"""'^ '^l"' approximations are 

r Ir'n/ ; ' ''^P"^"^ "'^ '^'"^^ '° the students of many 

ocraMons, and one has at least the surface evidence of the plans some students spontaneously 
madp to support acquisition" ^ ' 

l^lst^rnatj^P^sses - One sees in Rays "playing" with POLY an Important development. 
Jn the beginning he changes both numbers rather ind.scrimlnantly. focusing on number 
Patterns, eg 123 321. rather than "meaning." Later one sees a Jery different patrer" 
changing one va-.able at a time, systematically. POLY 100 88. POLY 100 89 POLY 100 90 

Hp has learned some very important things about systematic enquiry. Another striking 
example of an appreciation for a systematic process is Deborah's entire mode of design step 
by step, almost formalued procedure ^ 

Ide.^. we intend to look at more carefully (n the upcoming round of experiments include. 



Value of explicit description 
Local-Global analysis 
Setting Contexts 
Type-Token distinction 



.1. 
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Debugging through cause and effect 
Naming as a part of analisis and abstraction 

4.2 Mathematical Behavior in the LOGO/TURTLE Classes 

To decide what counts as mathematical behavior is as complex a question as the definition 
of mathhematlcs itself As a first approach to the subject we could list specific mathematical 
skills or concepts which the students might have learned or exercised In the course of their 
woik at the LOCO computer 

Befoie beginning the experiment we constructed a checklist of such items to look for in 
observing the behavior of the students See section 3 for findings The checklist includes 
some ent ries which were not directly observed and excludes some Intenssting ones which we 
did not think to look for This fact itself is of some interest for the design of future 
experiments (including the second round of this one) and for teaching. It shows that we arc 
inclined to lecognize certain mathematical behaviors and others not. 

Consider an example When Donald was putting the hat on his face he had considerable 
trouble deciding how far the turtle should move along the brim of the hat before doing a 
kft turn to draw the vertical line Notice that there is a little problem in algebra: suppose 
the diameter of the brim is B and the diameter of the vertical cylinder Is H. Then the turtle 
has to do 

FD (B H)/2 
LT 90 

FD HEIGHT 
LT 90 
FD H 
LT 90 

FD HEIGHT 

LT 90 

FD (B-H)/2 

But how do you do this if you have not yet encountered algebra and even if you have, but 
fpel unromfortble Donald tiied some trial and error but had trouble keeping track until he 
had the exrellrnt idea of usm^ the hairs as markers, so he could count how far he had 
moved the turtle Thus the algebra was. so to speak, digitized and the problem became 
more tractable 

Kevin was seen to do almost exactly the same manouver in a similar problem situation: this 
time he used the fact that when the particular turtle used in the experiment drew a circle by 
repeating FD 10 RT 10 one could see a visibly brighter point at the vertex of the 36-gon 
which IS being drawn in place of a true circle So using internal markers should be called a 



•1 / 
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rt^^th.mat.c.l behav.or ,n th. same r.ght as estimating angles 

rJleVrZl'^is^^^^ watcnmg careru„y How Kevin .oves .nto the 

concepts int.inMrallv .n rhP geometry. But of course one is not forced to use turtle 

wonde.f..! d.cove.T h t m nv o nh, ^"^ '° '"^'^ "^''^ 

K.vmVs t.rme ^a L de o ; ^ '""^ mtrmsically. For example 

line uhich must not be confused with inside the whole disc), 
(a be)"' » c ' b' a ' 

-tr, :r,„z:''„Vwr' -'"-"^ " -^^ '"^sesHon or .h, 

FOOT „a,r nMrin: ^ 7 ! " disphcemen. but rath,, to mjk, ,he procrtur. 



ERIC 
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4,3 Cognitive Styles and Strategies 

Cognitive styles is a particular abstraction of the observations of students having to do with 
large scaled and persistent patterns of perceiving, accumulating, and using knowledge. This 
category explicitly excludes social and Interpersonal styles and strategies, which, while Ihey 
may play an important, perhaps even dominant role In some students cxlucatlonal activities, 
are a different class of discussion. 

The aims of this part of the study are several: 

1 To bring to the fore some of the possibilities of LOCO as an Instrument for Investigating 
individual learning styles in a natural setting. Particularly In Its artifacts of planning and 
piogiammmg LOGO leaves a great many more clues to what really Is going on In the 
child than seems typical of intellectual activities in general. These can be of great use to 
teachei as v>e ll as researcher. 

2 To piovide partial information on the learning styles of the students Involved In the 
project, particularly m so far as it is distinct from measured school performance, "general 
Intelligence" specific knowledge, and other measures. 

3 To begin to sort out certain parameters of individual differences particularly . levant to 
derei mining the kind of Logo experience a child is likely to have. What features of Logo 
are particularly appropiiate or inappropriate to certain students? What possible evolutions 
in style ;^nd stiategies can ue expect? What special arrangements can and should be made 
to accomodate individual needs? 

Cat egories of Analysis 

The analysis on cognitive styles is directed toward four categories. All the students exhibited 
a gieat number of references back to previous work and showed patterns of carryover from 
old to new work These, of course, are very important In determining the Intellectual 
development of the child and how he can be best helped to progress. The first two 

catrp^ones arc aimed at describing these patterns 

1. Extent and Grain of Connectivity - Some students were a blurr of 

lefeiencr'i backward and starts and stops of forward pointing threads. Others exhibited a 
much spaiser pattern Some students seemed to concentrate on large scale structures like the 
soit of project they would select. In contrast others had a habit of returning again and 
again to, for example, little techniques they had learned like a way of making pretty patterns 
with REPEAT 
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2. Nature of Connections - Some students references were explicitly or 
appairntly mrdiafed by theories, conjectures and abstractJpns of various sorts Others were 
much iiKHe htnal An example of the former is returning to art old procedure to "look 
insidr.'* see agarn how it woiked, try variations More literal students seemed just to want to 
Sep then old procrdiires work again 

TUe two othei categories concern meta-knowledee. knowing abdut knowing and thinking 
about learning 

3. Epistemology - What do the students think o, appear to think knowing is about? 
Do they show signs of thinking about the learning process? What are the primary resources 
for learning, contemplation, experimentation, asking the teacher? 

4. As.sertiveness - What is their attitude toward what they know? Are they 
confident and agressive in their ideas, using them quickly in foreign situations. Or are they 
hesitant, unceitam, insistant on thoroughly exploring an idea in its original context, refusing 
to think, or )u$t not thinking of that idea as applying in a new context until much later. 

Wc elaborate these ideas by discussing two of the children in depth, and giving summaries 
of the cognitive styles of all the children 

1. Gary , an articulate learner 

^ " Cary manifested a penchant for theoretical and absirda thinking in a 

number of ways 

' P^ceivin^ inventin g and naming structures - Even on the first day in the midst of 
learning the basics, this was evident In the course of repeating a simple 3 step procedure 
with Dan and Laura present. Gary observed. "Hey, its going to make a patternf Patterns 
are vei y important to him The pattern developed and Gary was elated - "It made a circle'** 

o 

Laura was a hit uneasy at giving this somewhat unorthodox circle that name, but for Cary 
thi^ even established a prototype for round figures. A short time later Laura suggested 
elaboiating the design by putting "a little ball" inside the figure. Cary was off and running 
using the piototype sttucture but varying the inputs all turtle commands, making them 
smaller to make a smallei ciicle He quickly wrote down the procedure plan and wanted to 
define it without tiying it out 

This episode exemplifies Gary's facility for dealing with procedural entitles He had no 
tiouble aggief'^ating a sequence of commands and thinking of them as "a chunk" to produce 
some large ^ale effect As a consequence he frequently and early on made chunks Into 
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proceduies and later used them as subprocedures In one instance at the very start of a 
session Caiy created a nice pattern aaaa with two commands, seemingly by accident Later, 
after a sequence of other commands. Gary defined this as a procedure without even trying it 
out again 

Procc duial Structures caused Gary no trouble either He essentially asked if there were a 
Logo command for repeating (though this in particular may be due to his experience with 
BASIC) Even on the first day in invented conventions, and annotational markings for his 
written plans to show sequence, turtle slate and other things he did or didn't know (eg. 
iinrietermined Input values). Later he seemed to have invented the idea of state 
transpaifncy, consistently writing state transparent procedures. He established a convention 
of hiding the turtle at the end of procedures, as well This led to problems: he had to show 
the till tie before continuing his work. He didn't distinguish betweeen "worKjng product" 
and **finished product". 

2 Connections via Abstraction and Conjectu re - Connections between segments of Gary's 
woik were very often mediated by conjectures and other abstracted formulation. For 
example the process aggregating turtle commands e^. RT 30 RT 30 becomes RT 60. took 
hold immediately and extended beyond the initial domain of experience. At one point when 
defining a procedure Gary aggregated two RARC 10 commands (oforaa) Into a RARC 20 
irxrtrtn) without trying it out first. Needless to say this kind of thing frequently resulted In 
bugs Simifarly. In debugging Gary frequently relied on operations performed In his head. 
A mistaken FORWARD command would be debugged by repositioning the turtle. Gary 
would then change the old command by calculating <e new one in Kis head and wrote it 
into the piocedure without tiym^ it out This contrasted markedly to most of!ier students 
who would clearscreen at such a point and start again - they needed to see the corrert 
command to believe it 

Thw kmd of abstract mediation suggests concise summary statements of phenomena or 
conjertuie Gary often made these out loud On observing the important special character 
of 90 angles which were discovered by another student, Gary said roughly. "A quarter of the 
way around all the way around Is 360, half of th:^t is 180 and half of that is 90." 

^ As^^mye " As should be clear already. Gary exhibited confidence in his knowledge and 
conjpctuies He did not hesitate to "correct" Dan when he used only a leading quotation 
maik. a^ is convention in our Logo We have already mentioned some of the many Instances 
of dpfinuig something withcJ^ trying it out 

The cii^re episode on day one gave good evidence of Gary's assertive style He voiced great 
confidence that his theory of pioducmg a small circle would work. In another part of the 
session while counting lepetitions of a basic figure in making a "circle," a typing mistake 
caused the insertion of an unrelated command Rather than clearing and starting again or 
even pausing to think of corrective action Gary simply continued the repetition and. when 
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counting, c^iefiilly left out the mistaken step Thus he assumed that one error did not affect 
the "conert" part of the work That kind of assumption of independence of pans is 
sometimes mistaken in detail, as it is here, but is often a very helpful approximation, a good 
heuji^tic which more caieful and less aggressive intellects need to learn. It followed 
natUMlly fiom Gary's style In many other instances Gary used this particular heuristic, 
assuming independence of effect of parts In debugging he would always pursue and correct 
bugs one at a time 

Gaiy's planning and working style was assertive to the point, occasionally, of being 
impetuous One would expect he would need a good way of dealing with the inevitable 
bugs in his plans and theories Indeed, Gary liked bugs when he could handle Ihem with 
his one at a time style When his "smaller" circle turned out to be larger, he clapped his 
hands with glee what a nice surprise' In many ways he even sought out bugs, as one can 
see in his playing with larger and larger inputs until something went wrong. He also spent 
time playing with Logo's peculiar laige number arithmetic (exponential notation). Again, 
one can see this as a good heuristic - to search out extreme (falling) cases. 

Difftise, n on local style of work - Gary's is punctuated with many references back and 
ahead in time One can often see in a small stretch a return to old ideas or procedures right 
along Side of and mtei leaved with new ideas and pieces of future work which will eventually 
be put togerhei This kind of phenomenan is common, but In most students, reference to old 
woi k appeals to be mostly consolidation. In Gary it was often used to Integrate and 
elaborate, seeking to make connections where there were none, and pushing old Ideas into 
new contexts (One hardly ever saw other students printing out and examining the structure 
of old piocedures as Gary did) We mention a few examples- 
Gat y stated exploring the PRINT command on a non-graphics terminal. Without 
enconiaf^enient he tii^d to import the REPEAT command from previous work in turtle 
genm^tt y 

G^ry wa^ pLiymg with SPIN which he had just discovered Dan wanted Gary to start using 
recur Mon and showed him a (non-spinmng) example Gary right away wrote a recursive 

spinnttig piogfam 

Gary knew about using RT to counteract a mistaken LT. He also knew how to consolidate 
commands and knew LOGO could do arithmetic These bits of knowledge might have gonc» 
Vry^ymrected in many children, but to correct a LT 99 Gary had LOGO add 99 ♦ 99 and 
then used RT 198 to correct the error^ 

This telatively sma'l giained, fluid and multiply connected style of work is not particularly 
conflucive to structured programming While Gary early on collected sequences of 
commands into procrduies and used those in other procedures, he did not spontaneously 
plan out and pxrcute independent parts of a single conception His starshlp. a rather late 
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creation, started as a long string of single turtle commands. Gary would experiment. EDIT, 
add. END, experiment, edit, END,, but wrote a structured program only on Dan's 
insistance 

Finally we return to Gary's small circle conjecture and subsequent bug. As might have been 
expected, he did not let the incident rest, but returned later to try exactly half Inputs (rather 
than jtist 'smaller ones') to the turtle commands This produced a same-size circle and was 
then immediatly used with the old circle to make a fancy design. (But he never achieved the 
smaller ciicle) 

^ Rjch and Fluid Epistemology - Gary exhibited quite a bit of sophistication in knowing 
about knowing and learning, especially in recognizing and using his own resources. In 
trying to aim the turtle directly vertical, he shifted his focus from the point of the turtle to 
the turtle's back end. aligning it horizontally He even articulated this 'easier' strategy. 

In deciding on left or right turns while planning on paper, he sponaneously put the paper in 
a |5ositi6n so that the turtle faced directly upward, and right and left would be more easily 
determined 

Gary exhibited a lot of flexibility in interpreting error messages. If the message was 
unintetpretahle. for example, "SPIN doesn't like EMPTY as input' in response to SPIN 5000 
he was not stymied After all. 5000 is a big number and that was likely the problem, even if 
the message didn't say that. His next command. SPIN 2000, worked. 

In a leaching role Gary operated on a typically high level. On day 2 in response to 
questions about how one knows how to get the turtle the correct Input, he did not say. e.g., 
'try 90* which he was capable of doing, but 'you have to experiment'. When Gary taught his 
friend J about writing a procedure, he was explicit about his teaching goals. We quote 
rodgitly, 'I don't want to remind you to put a line number at the beginning of each line.' In 
response to his friencJ's guess of 200 to follow line 100. Gary said, 'look at the pattern?' 

Spfnat SticnRth's of LO GO for this style : Gary's teachers freely admitted that they had 
diffiriilty challenging him in the standard classroom. But he had no difficulty challenging 
himself and the limits of his own Ideas In LOGO, One can easily take advantage of his 
ability to work things out for himself by simply giving him little models or ideas, leaving the 
rest to him 

In m^ny othfi ways a LOCO environment is extremely well suited to this particular stylw 
even when it is not executed in such an expert way as Gary did There are few intellectual 
domains available to elementary school students in which trying to put things together in a 
new way is as frequently successful and richly rewarded as in a computational environment. 

Spfcia) Needs for this Style, A student likj Gary needs little aside from being fed a few seed 
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idMs and appropriate tools to do a lot and well In LOGO. Perhaps the greatest weakness 
in hi. style as regards LOGO is his less than natural affinity to structured planning and 
prog^ammlng With a little encouragement at this and In selecting and staying with a 
project, a lot of success is in prospect 

2' Deborah — from Inarticulate Dependency to Proficient 
Self Confidence 

A Liteial - Deborah showed essentially no interest in abstract patterns or for any level of 
concern much above "what to do next" In drawing a six pointed star, aaaaa. she never 
seemed !o notice the repeating pattern, even in the literally repeating sequences of commands 
she was writing down Even when Dan prompted her to use a subpjocedure she needed 
much help to understand how to use it -- this In lesson 17. 

Earlier Deborah drew a spiral 

RARC 20 
RARC 20 
RARC 30 
RARC 30 
RARC 40 
RARC 40 



RARC 90 
RARC 90 
RARC 100 
RARC 100 
RARC 100 
RARC in 

Notice the break m fhe pattern at the end Certainly a pattern driven mmd like Gary would 
have completed it intact One suspects she really mean t to break the pattern, feeling at that 
moment t^t the design needed something different, .'hen she wrote a program of this, she 
copied each step literally fiom her work paper, and even checked after each word to see 
what came next 

In contrast to Gary who always had a clear expectation of what would happen. Deborah 
seemed always to just let things happen. When writing programs for her initials. Dan asked 
hei to predict what would happen If she did both a D and M on the same line. She said 
she guessed they would draw on top of one another. The result was aaaa to which the 
replied, "see I told you" 
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Hypothetical^ seemed to elude her Dan suggested one day she should number her program 
s ^ by fy He cxplamed carefully that if she wanted to put another step between ones It 
would be much easier Though she had done a good deal of editing, her synopsis of Dan's 
explanation was, "Count by 5's because its easier" 

^ Non-assertive - Deborah was always very timid about getting into things she did not 
feel s e could dominate Even her '^hoice of number inputs demonstrated this. From her 
first day she was very conservative In response to a slightly impatient classmate who said 
shp should use a bigger number than 10. Deborah offered 12. She was coerced into using 20. 
In all of her sessions Deborah never once spontaneously used an input greater than !00! 'n 
mc .t segments of work she selected a single angle and one or two sidelengths in terms of 
which she did all her explorations and drawing. When she needed longer lines Deborah 
usr-d chunks. FD 60 FD 70. for example. 

* cat, st ep-by-step style of work 

Once Deborah settled comfortably into a mode of work in LOGO her patience in a one step 
at a time design ind programming seemed boundless The format wa^ so stereotyped as to 
seem quite formal I) Do some standard chunk of the appropriate action (eg. turn or move) 
2) Check to see if that's right oii the screen 3) write down command and contana**. 

The only decision seemed to be what's the appropriate action (turn or move or maybe 
penup) Her only global concern was if the last action fit properly into the picture Mistakes 
-almost always resulted in Clearscreen and start again. 

We have already noted the lack of pattern perception tied up with this style. Her basic 
opeirttions in the six pointed star were a forward command and a RT 60 Consistent with 
hei mode of operation a LT 60 appeared as 5 RT 60*s. and if she happeneH to miss a ccirect 
heading the fust time around she would continue, right in step. 6 more RT 60V Again it 
app#»ars Deborah is dominated by the question "is thai right? - if not continue" ' 

D D*^ h hr I a tely rcstiict ed e|)jstemologj[ 

D^fmMh ^-p\^^p(^ quite deliberat^'ly to restrict options, limit possibilities of operations, reduce 
hrf !k>} \fn\n that she could dominate whatever territory she tried One needn't look bard 
hri (iiibhir file to see that it was Deborah's A string of 30 turtle commands, Fd's Rt's 
BK's (no LT's) ail with the same input surely marked Deborah's style 

Bm oner she foil her ground she did indeed dominate it She meant her remark, "I know 
whar I'm doing." in a sense which a student hke Gary, for all his flair, could not 

Thprf was a good oeal of evidence outside her st/le of work ihat Deborah worked with and 
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nppdrd A ipstncted b.^t vpry definite world view What other kind of student would 
atinoiince spontaneously with pride ne^^r the end of 25 se^ .on LOGO experience. )^now 

all ;ibt»ur ^qudre^'* 

Hn hfu;iM,rp for dpscribing her own activities was also revealing A mistake is a "goof. 
KxppinnfMitinp, is "goofmg around" Actions are classified either as correct, goal directed etc 
Of ■^^ pnof" Wifl, such a view ,['s no wonder she limited her play - one wouldn't want to 

t engfhs of I OGO fo , this st/ le 
W(> HrKily heltpve that tfie v.^y to help a student like Deborah Is not to force her to "expanci 
hrr hoMzons/' hut to let her dominate a small world She has no shortage of ideas or 
iruriarivp. .mn pxperimce will m ? ve?y natuial way lead to her widening her own horizons. 

The niosr important characteristic of LOGO for supporting a student like Deborah is that it 
can provide an almost empoverished domain m terms of operations and decisions in 
workinp nut a plan, but a domain in which original products of endless variety can be 
tmnpri out The world of FD ?0 and RT 30 is very nearly as rich as all of turtle geometry 
and rfrr.iinly contains *riangles squares, "circles'^ stirs, men. rabbits, abstract designs, 

ppippiidicular. »nver r operations, the total turtle trip theorem, symmetry, estimation! 

planning, debugt^.ng. A secondary factor may well have been the openness of talk about 
bugs and debugging Deborah could easily see that everyone, especially some of the 
*biipj>trsr studf^nts are beset by bugs which need to be worked. out There are many kinds 
of **f;onK" fo hr looked at Without embarassmen^ 

S^JPfM I NrPfis 

Df boi ih nreds hr|p and encouragement m doing what she does best by herself She needs 
fo ^f>p that ^he k nows and can do things What follows is a list of possible particulars 

Wr:lm^ down her plans and successes was instrumental In engaging 
Deborah's strengths in literal and local activities This didn't come easily. 
Dan had to continually remind her until it took hold 

Lr^ve her alone One explicit part of Dan s objectives in dealing with 
DM'orah was fo make her rp|y on her self Her notebook was instrumental for 

this 

^ r)eho(ah had a phenomenal ability to find the right fundamental operators 
in) V-' ^^ wa^ doing rhoueh she tried 20\ ^O's and 70's as inputs, these 
^rrrnpd )osr to fad^ nut 'eaving ?0's 60*5 and 90*s Particular ciicumstances 
rnysfrnonsly biought out just the right units For her star Deborah used 
f^xactly one 30 degree angle to orient the first segment (without 
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experimentation') then (.loceeded .Mih all 60 degree angles (again without 
experimentation) which happens to be exactly the fundamental unit 
appropriate to the $i^r In her rabbit Deborah started with a face size of 130 
(60 ♦ 70), which caused problems symmetrically placing eyes Her next try, 
without experiment, was 120. in the form of 90 and 30 We have no reason (o 
suspect students of Deborah's intellectual style will generally have this skill (or 
luck) and may need help selecting fundamental operators 

3. Ray 

Ray \% a parnc«:;arly a^fficult student to discuss from the viewpoint of cognitive styles 
bPraiKe of rhe elaborate /eneer of social and interpersonal strategies he has built up and 
maint.^ins iO keep people (uerhaps himself included) from his intellectual world Penetrating 
thu venrei is the most fonnidable barrier to overcome In helping him to have a satisfactory 
schnloUif experience But again the great placticity of Logo in offering a range of 
exjirr^mces for the teacher to select fiom in individual cases pays benefits Dan*s strategy of 
an in^'ng Ray's minimal committment to a very simple activity (playing with POLYs and 
spirals) with maximal payoff (his own beautiful designs) seems to begin to penetrate the 
vprippi . both in Logo class and outside of it 

4, La ura 

Laut^'s epistemology seemed to emphasize knowing and minimize learning She was 
anxious to demonstrate and talk about what she know (in contrast to Deborah), but had a 
great deal of difficulty articulating her processes of working, often se^'ming to Indicate that 
thpy weie not appropriate targets for discussion This same attitude was evident In both her 
r*»feienres to old work and her style of planning and executing projects. With the former 
she was typical of students who would run old programs over without any attempt at 
analyMs or at tetracmg the process of creation In approaching new projects she did very 
Ittrle planning ajy if one should just know what to do Debugging was the same, she 
avnifled theoMZing and experimenting In contrast to Gary where the chase was the thing, 
for L;iuia the end pioduct was the thing 

Nor Mnpii^m^ly hrr piograrns tended to be just strings of commands aimed at some 
punrnhr rnncut^^ result, without intermediate constructs of ideas evident in either the way 
she vvfnff or talked about the ptogram Mediating ideas have little value 

Onr of I .^uia's iral ^ttrngths was her willingnris to try new things, get into new situations 
arvl nv^ke Migf^estions when requested But she needed to appreciate the effort needed to 
art.^in the ^oals she would entertain 

St}enK;th'; of Lo^o Logo teching generally involves a lot of discussion of the process of 
cominjT to know, the scaffolds of plannmg and debugging, analysis for accomphshing ends 
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In I c.^^r It 15 vrry im|)ort;int tfnt she come to feel the usefulness and value of 

think iiiK .»t>out ihpsr things in themse ves Think of Logo's rich cognisance of these 
intri fiiPfiMtr [Mncpsses, pLmning, using f;icilitatmg subgoals hke subprocedures, learning 
abcMH trchniqurs wirh bro*id application value (like recursion) 

With i aula's willinpjiess to push to new things, she did engage in some formidable projects. 
But wr cannot claim that the potential helps cited above were fully realised We would be 
vrry hoppful with more time 

NppM'; of this style Kmphasis on planning, on the value of understaning how to make 
somPlhin^ woik, of an appreciation of the technicalities and details of program structure 

5. Katli^r 

Kathy exhibited a cognitive style less extreme than many of the other students She was 
throrrtiral in many ways, like Gary, often posing for herself problems of anaiysis and 
qur'ition'; to solve, rather than ju« "drawing a picture" She would occasionally drop an 
enrpiiiy aftrr answeiing hei own questions without actually completing a program She 
enjfjyrd the piocrss of naming and describing structures, programs and activities for its own 
sa^r Shr rvprctrd hrr idpas to work, but showed disappointment rather easily when they 
rliftn*r In {\unr casrs she was ca(>able of proceding/ with ''exterminating*' (as she called 
d'^bn^ pjnp) on hf*r own. but did ask for help as well 

Thf plain of hr» reference to old work was not nearly as fine as Ga^'y's, she often used 
pKHf'iitrr^ Miiact as building blocks and did not show his near compulsion to use every little 
thin^; hp learned As a consequence, she worked coherently toward her ^oal When she did 
look ba(k to ol{t piDceriures, she occasionally modified them, again showing a concern for 
^trnrtufp lalhrr than just effect 

Kafhy showed an awareness in many instances that she knew what she was learning and 
what shr w^^ having difficulty with She avoided a troublesome area, estimating angles, 
and nnrr shr was told something, seldom had to be reminded about it 

Sfirn^;ths ui I op o Lo^o allows a student like Kathy to pick and choose, as she is capable 
bn ^r|f , what sor t of pto)ect and activity she will engage in It allows her to push her 

(lh♦"^>!^r|rr^^ i(ira^ without fntcing hf^r to go beyond her zone of comfort 

Nrr'U vowli U\r io ^rp Kathy a bit more assertive in terms of digging into thmgs she 

obvintj<;ly dunk'; of as problematical a httle more concern for what she really would like to 
do anri Iru timidity toward woikin?^ on personally difficult areas (angles) It is quite likely 
that hrlpinf; hrr to fare up to sorrjt* of these IS all that she would need to succeed and get 
nmre ronfiftence 
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6. Monica 

MonicJ^. though quite similar to Kathy in many ways, exhibited a distinct style In 
paiticulai. she was much more literal than Kathy. The abstraction involved In 
appropriately naming a procedure (which is mostly identifymg some centrally important 
stiucttire and describing it succinctly) was not :he pleasure foi her that it was for Kathy. 
The connections one could see from program to program were for the most part limited to a 
liteial simple structure - design, turn, repeat She did not exhibit either the urge to dig in 
and elaboiate and change that pattern or the pulls to get into something completely new. 
(Contrast Kathy and even more so. Gary) Like the even more literal Deborah, Monica took 
careful notes, and showed she could engage in extended and detailed work» given a good 
model of what she was to do 



Monica was certainly not assertive about her ideas, she seldom proposed her own and easily 
abandonrd them when she did Like Laura, exactly what made them work or not work was 
of httlp concern More often she just followed others' simple models 

Stipngths of Logo Logo is quite capable of maintaining the interest of a student like 
Monira with simple and literal strategies for doing new things Even design, spin, repeat is 
a quite rich woi Id 

NrHs Like Deborah. Monica should probably work her way out of her own simple view of 
thing- Luckily in Logo she can be given simple stategies which will succeed in letting her 
"dig in * to her own ideas (planning and debugging and systematic analysis, e.g. of POLY) as 
well as a few simple design heuristics (she seemed to have only one) to help her "dig out" 
and reach for new areas of exploration. 

7. Donald 

noiMld'^ inteirst and ability at naming, structured planning, and analysis of problems he 
enrcMinrrted Miowed him to fc;? a theoretical worker Though the evidence is less compelling, 
fine ^ernis to :pe a comparative lack of personal strategies for dealing with situations where 
an,^lyMs \\ awkwaid and experimentation is more appropriate 

In confMU to th^ othei paiadi^^m of theory driven students. Gary, the gram of Donald's 
woik was not nrarly a^ fine In Tict most of his time was spent working directly on his one 
|iro)rff. with vpry few forays of into other topia. even those arising from his project, except 
in far a*; thry related mstrumentally to it 

Snriu;tf,5 of Logo Donald's real strength, establishing a (theoretical) frame and working 
within If mr^Srd wondeifuHv with structured programming, allowing him to spend a huge 
amour of time on a %\n^U ani;rd and eventually successful project The freedom given 
him in the I of;o enviror it to pursue such a project and elaborate and improve his large 
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niH„^m/.4tioti,il abilitip^ can't be usually be matched in an ordinary classroom with its 
fi.i^nirntrd t^sU Siill, m this context he encountered and used a great deal of specific 
kf»owlrflt.r>. l.ngo j.iogMmming stiurtufps, snd mathematics alike For examples of the latter 
wp mf.ifinn cnoKiinatization, geometry of arcs and angles, the total turtle trip theorem (See 

tbp <;rrfinn on nnihrm.Ttics Iraining) 

lnr,rif.„.^lly. ,„.,,|y ai| t,,r students (Ray the exception) displayed "attention spans" in 
working with thpir own f).ojects if not as phenomenal as Donald's, nonetheless quite 
fpspraiblp (The typical hour class session is a good reference for steady, continuous work ) 

NfpcU of this style Donald's strength was also occasionally a liability. In taking a triangle 
and making of it a house, Donald established a problem frame In the context of the Initial 



oiieiit.irinn of thp triangle The tilted house had great difficulties associated wich it which 
wfie rvrntually solved only with help in dropping that plan and replacing it in toto (rather 
than wntking out if; parts) He needs to learn to occasionally subordinate plans to 

piagn>,ttif s 

8. Kovin 

Kfvin rally on showed Signs of a theoietical disposition, realizing special significance of 
rpitain anglov collapsing command sequences in his head (RIGHT ib RIGHT 40 RIGHT 
'•n RiGl IT 4S RIGHT 90 RIGHT 135) etc. One example more will sharply set him off 
from htpial qiidrpts |n experimenting with a procedure to draw a sequence of polygons of 
incrpasing size, Kevin discovered that he could draw a single square by setting the upper 
limit pqual to the lower limit 

Hp was delighted, certainly not by a startling new effect , but by realizing and 
understanding an important simplification potential In a more complex structrue. 
(Impoiranrly. one which satisfied a need for him, a vairabic sized square) 

Contrxf was vpry impoirant foi Kevin He learned and elaborated ideas in a context and 
flcHiiulrifd u.inrwhat when outside of one This caused a certain large scale coherence to his 
work, ffii Icing periods mainraining the same context, which others, eg Gary, who would 
cirafr a nrw (nntrxt in which to examine the most minute detail, did rot have Unlike some 
{"i; Df.iiald) kevin did not enjoy the act of organizing a frame for his work, but capitalized 
r,n what was givrn to him or the necessities of th project he selected He did not take well to 
stiurtmrH piogramniinp 

Siinigths nf I r,ya One of the mam idpas of a Logo experience Is exploring ideas in a 
funrfinnal contrxt. whpie math.'matics serves to accomplish a task which Is meaningful in 
the uiiclrnt's own world view It is clear that Kevin, more than many, needs that kind of 
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context Pe!h;^ps that need wis met more in LOCO than in other school activities and 
accounfed for the difference between his "below average" school work and excellent progress 
m Logo 

Need^ On the othei hand, Kevin will need to learn the skill of organizing an intellectual 
frame for himself If he can do so one would expect a great carryover to other school work. 

St immary of findings 

1) Logo and students' experiences - All students regardless of knowledge or style were to some 
extent engaged by Logo activities Most actively and regularly contributed to setting the 
style of work which they did (Ray the notable exception). Some had exceptional experience 
in meshing their styles and strengths with Logo (Deborah, Gary. Donald) going quite clearly 
beyond what they had had in their other classrooms 

2) Mpshing with ropnitive styles - We think the Logo environment created at Brookline 
^howrd extiaordinar^ versatility in dealing with such a diversicy on its owr. terms. The 
process of selecting and merging facets of the known Logo possibilities and developing new 
on^^s so as to engage strengths and overcome weaknesses In students* individual cognitive 
styles IS lewarding and seems to us an immensely important area for future research. 

?) Logo as an instrument of study - We think'Logo has two real strengths in coming to 
undn stand individual students and their learning. First, most school activities are so 
fragmented and out of a student's control that the students never have an opportunity for 
d.splaying the coherence and true strengths of their own style. Secondly few school 
situations compare to Logo in concretizing the students processes of learning and 
accomplishment The artifacts of a partially completed design, a particular program 
sti uctiiie. a pattern of play or experimentation on the display or on the teletype turned out to 
be vitally important parts of our observations Perhaps only an art class could match the 
"manifp^tmg of process" and then in a domain quite far from Khool's "academic" subjects. 
The annotated dribble files of all of the students* typing (in conjunction with in class 
observations) played an important role 

4.4 Affe ctiv e Aspectfi 

An intrgral part of the learning environment being discussed here is our stance towards the 
affrrtive a^perts of learning We do not simply hope that our teachers will be nice, kind 
siippoitive people and that, therefore, this aspect will take care of itself We build into the 
deM^n of the environment, we think, tools for a teacher to use to achieve progress in these 
;vre^% a^ an explicit aim of the teaching/learning encounter 

To list some aspects whose emergence is favored by our system 
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-a student can feel in control, have agency 

-a student can see Kow learning does not have to be something apart from oneself, 

and unmteiesting SYNTONIC learning 
-3 indent can realize a personal style 

-a 5ttidpnt can admit not knowing because he will know out to find out 
-a teacher can admit not knowing for the same reason 
- playing around" does not mean "stealing time out" from learning 
-Getting something right is not only to be translated into a high score 

what you have achieved is happening out there for you to see and feel 

good about and to be seen by others and admired 

In pnrtire effrcts of this so.t will not necessarily emerge, and whether they do or not has to 
do with the ^oals, p ersonality and skills of the teacher Involved (see question 7 in the 
intiociiiction) 

4.4.1 Comments and Questions Ensuing: 

1 VVoiking with a computer will be seen both as a prestigious activity and a potentially 
ff^tM activity So we can expect contrasting effects which pull In opposite directions, and 
Ihp^p will iinflrilip all of out findings 

2 We hive an unusually favoiable teacher/pupil ratio, which must have a strong effect on 
out findings 

3 ThPie aie likely to be some sdong and relatively unexplored components of the 
rehtionUiip between child and various elements in this new learning environment 

fvphcit and implicit anthroponorphising of the "turtle" and its behavior 

an effect flowering from the degree of control over the mechanical device 

the effect of being In the teacher/adult role In relation to It 

• Identification with the turtle on the basis of Its movement In space 

even moie striking motivational attribution procedures "needing" Inputs; 
the turtle "wanting" to go up there now 

1 I.e.r 1. a powerful potential for evil as well as for good In this whole computer presence 
aiul we need to be alerted to it, and to look clorely at what It can mean. 

•f M-^tivation in this learning environment can be complex. We can think of the child a$ 
developing a Mthei complex goal structure whxh at its best will Include rewards Inherent In 
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the task, th^ fun and joy of making lovely and interesting pictures and of solving non-trival 
pioblems. the admiiation of peers and "significant" adults 

Examples 

(i) Ray "this thing is going to get me" 

(ii) Deborah's voice as she tells visiting professor "I taught the computer " 

(ill) Dan-Deborah situation - as reported at project meeting, which had the 
quality of a clinical case discussion. Dan felt he was locked into a situation 
where her fear of not succeeding was manifested in an extremely dependent 
rittitude in which she checked with him before making any move, even the 
simplest, leading him to spend a greater proportion of his time than he felt 
was appropriate His strategy for dealing with that (out of the discussion) 
workec^. in that she "learned to play", to "goof around" as she called It. She 
was "given peimission to play" 

4.4.2 Extract from Interview with Classroom Teachers at 
Lincoln School (George Hein) 

Present Lisa. Bob and Florence (teachers) 

f)/f/ you notice anything particular, special with children as a result of (he propam? 

B - Ray is again working wirh other kids. It's the first time he has this year. Wasn't at 
beginning of year, but is now 

They don't talk much in class about the LOCO 

Ihil fhry talk at alt about the LOGO project? 

F Thry did the first two days 

B Thpy have a positive attitude, it was a positive experience. Gary misses it painfully. 

F Fhry all liked to go. the only one who missed sometimes was Jack (Not one of our 

exper inienral subjects) 

L I harned foi it. but theie was little or no conversation I wanted to have Gary work on 
a compurrr sroiy. but he didn't want to We did go down and see the work. 

Wfff you mr prized at the work anyone did^ Did they perform as you might have expected? 

B I wasn't Sill pi upd If I had seen the four sets of work I could have picked which was 
which School work coi related closely with LOGO work. Gary became intense with It 
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L 3^ hp <\op^ in evpiythmg 1 didn't learn mu^h about learning styles There was a 
^Mrakfhlo^lpJ, with R?iy It was very helpful He hasn't connected all year, been Hoating, 
not th.it there i^ any icsistance or hostility, built just no connection He was well liked (by 
tP.KhPtO hst yp^r, hut probably was swamped by the reading required this year. There was 
no min^^tivp m his work the fust two months 

Thp hirakrhiough for him in LOGO, the success he has had. is powerful information for 
me I haven't ie.illy used it yet. but we have talked about tt (Ray and Lisa) and he has 
pioducrd the b^st piece of writing I've seen from him, including his work last year 

F - Ypv somethmg has happened for him this last week, hes smiling 

l\ ^ornrfhing since Christmas, that's for sure. Maybe he h^d a good Christmas 

L - His phy^ic^l arrang?ment has changed, he was isolated In the room before, now he sits 
With others 

L I was astonished at Deborah • Last year she was out of It. reclusive Now she's taken 
off. IS doing stuff, stays after school wants help. Maybe the breakthrough with the 
nionopj^m on LOGO was what did it we went skating, she showed stuff to her parents, 
had ptuif in it. wanted to share It I'm not used to that. 

F - 7hP!r LOGO work was accurate (le it matched school work) Monica for example, 
sticks to what she can do. does not try new stuff 

(/ a^^krtf about Monica and Kathy) 

They are not close friends in class E^.:h is willing to help others 

B It wa^ good to see that Gary, given the lead, could show what he can do. The LOCO 
was a challenge to him. he could take It where he could go. not where the teacher wanted it 

to f\0 

L theip I's not enough room in school for him {some talk about what would they do with 

(faty 710(0. hack in class) 

F We were disappointed that the kids didn't come up and share more 1 can t get over it. 

B I riidn'r build- in time for it 

L f heir's not rnoup^h space in the day 
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F - hut If somfhody !3 really excited about something they make time for it. we would have 
heard about it 

L It would have helped if we had the print out sheets 

F - we a>ked thai stuff be brought up. we got nothing, it would have been nice to have 
even the notebooks 

K - but the next group of kids are really anxious to go down 

how do they know about tt^ 

B - true they must have talked ibout it 

L - we need visual stuff, but they are excited to leave the room. Theres the freedom, they 
are sprung from the regimented piogram. it's cool stuff 

F - how come we didn't hear about it? 

B not public discussion, but they may have talked among themselves The kids are eager 

to go 



4*4.3 Comment on Deborah Based on Interview Material 
(Penny Dunning) 

D^boMh*5 presence in the pre-mterview jn November was one of a tentativeness. speaking 
nofrly, occasionally inaudibly, and looking downward, making no eye contact during the 
intrivirw rxcrpt to ask tentatively "is that right^" In the post-interviews of January there 
uimp reduction m tentativeness and considerably greater eye contactX 

Wh.if rmeigpfl predominantly in Deborah's pre-interview, compared with those in the post- 
intpfvirw, wa^ a ^ense of defeatism when she was not able to determine the answer or do 
corner hmp iip^t ;<way It is possible that a self consciousness with respect to mistakes 
mrrr.^^r'i the probability of mistakes and reduced her Incentive to try harder or again She 
wa^ not challrngrd by difficulties and would not often yield to my encouragement to try. 
othr) than in a compliant manner, seeming not to connect with the content of the Item or 
prohUrn but providing only some form of response - as in the exchange on my asking her if 
shp fould make a number pattern of her own to which she replied "no" She gave it a try on 
my irqupst, writing number w,th no discernable pattern, although she had successfully 
cofT>pl^rrH ^ome number patterns on the same exercise She replied "no" to my question of 

ERLC 
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whether she rould fill m her own patterns Scattered throughout the pre-intervlew are her 
statements "I can't", "I can't do it", and "I don't know" h it that saymg "I don't know- 
removes from any further responsibility to the question or problem? It ts also Interesting to 
notr that she sees heiself as one who usually [has] help on things" Also In the pre- 
mtr; - Tw .he .remrd to be easily satisfied with guessing, as if a guess at least met the 
reqiiiientent?, although she did not seem to concern herself with whether an answer had 
some lebtionship to the components of the item or problem. 

With 1 expect to the post interview, there appeared to be less of a tendency to guess It also is 
impoit;.nt to note that she hardly used the statement "I don't know" in the non-personal 
srctiOM. of the interview. Instead one finds statements "I have trouble with this" and "I don't 
gpt It She as more responsive to my suggestions to try and seemed to engage herself with 
the ciMllenge at hand rather than making a perfunctory and compliant effort. 

Thetr emerges a question as to how much and what kind of criteria does Deborah have for 
knowing when she knows She seemed not to have any sense of what she would like to do 
bettei or of what she finds difficult to do Docs her guessing indicate that she doesn't know 
from where hei knowing comes -- that is. from within her through her efforts to 
cornpiehend what is unknown - or is it something that seems to fall in place, or already be 
known foi some persons She indicated that really paying attention and trying "my hardest- 
are the means 'o expanding her knowing Yet these efforts seem to reHect her sense of 
outw,,,d cxpect.^tions lather than an inner contact with her own powers for knowing. 
Likewise when she is stuck on something she seems unclear as to what she c^n do to get 
unstuck whilr .till being connected to the matter she is stuck on. Certainly. If she has not 
become acqu,iintcd v ith her own inner criteria, there may be uncertainty, tentativeness. and 
self consciousness, contributing to a greater awareness of one's mistakes that of one's 
arcomplishmrnts She is not unable to appreciate when she has done something as in the 
KPohoaiH exncises ( I did it") "Yup, I knew it was the other way". November Interview) but 
the critena w;,s developed M rough the checks of what she had done with respect to the 
model given It seems Deborah would be helped by having exercises structured where the 
ciitrns for rmirrtne.s or satisfactory peiformance is developed within her through her 
()owp,. ,,| lerof-nitinn rather than based on an adults' or fellow student's say-so 

A vriv im(,n!(,nt elrmrnt that emerges from the post-interview is a change m Deborah's 
attitiHir tow,,,ri "Inn" Firqurntly Deboiah speaks of things being "fun" or "funny" or 
wiPtri.M" She .|.raks of this most eloquently with respect to school "sometimes its fun -- 
whr.,! i .in.iri.und something and I |,ke it" and as well as her LOGO experience, 
Vv. ! vthim- was f„n" Is she now developing an attitude of expecting more from her contact 
with hr, rnviionmrnt and her expr.ience. that Is. looking for what Is fun? Her responses to 
the Fin C an question seemed to reflect mote personal placement of herself with respect to the 
qn-stim) including a laugh when she suggested "you can step on them ind walk on them- it 
if she wnr imagining hrtself doing just that 
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It IS this emfrging sense of fun, of laughter of personal engagement that greatly alters my 
eailier impression of Deborah as a person passively ami helplessly impacted by her 
^xperirnces and by its demands on her 

6, I n terv iews 

This pipsentation of the results on our interviews will be very brief. Our use of interviews 
has been exploratoiy AM interviews were earned out by Penny Dunning; their content was 
the outcome of many project meetings We were interested in knowing more about our 
subjects, and many of the questions asked serve this function. We felt that It ivould be 
extiemely unlikely that we would find changes in standardized I.Q. tests over such a short 
ppfiod, and considered that our best chance of success lay in exploring measures whose 
elements resembled, as much as possible, aspects of LOGO activity An mterview schedule 
excel pt IS given in the Append;x It includes number sequences, an embedded triangle task; 
cieature cards, geoboard tasks, and 3 and 4 color permutations. 

We decided to administer the interview schedule *o all 16 subjects at the start of the 
exprrimrnt so that, should the post-LOGO Interviews show any changes, we would have 
some chance of looking at "repeat testing" and **passage of time" factors. In actuality this 
tuned out to be the case We found some interesting changes which appeared to represent 
mote than just a regression effect, and so we re-administered some of the items to the second 
eight subjects who had not yet done any LOGO, In addition, we added some new items 
involving estimation of lengths and angle size, and map transversing instructions, which had 
not cKciirred to us to include in the initial interview design. 

We have not yet haa time to process this set of schedules, and so we cannot present our 
results as we would have liked to Instead, we give the flavor of some of the findings. 

1 A sttiking example of the overall tone and qualitiative aspects of the interview has already 
bpen quoted under "Affective Aspects" in Section 4 4 

2 In h^r pr*^ LOGO interview, Marilyn showed no obvious strategy in dealing with the 
pr^i rnnr^tion task, she found 5 out of the 6 possible 3-color permutations and 16 out of the 24 
po<;^ihjf> 4 roloi pri mutations At the post interview, she systematically found all 6 of the 3- 
coloi onp^ In the 4 color task, she used definite but incomplete strategy and found only 12 

of thr po^sihlr premutations 

Kevin, who classified by his teachers as below average in ability (his overall national 
pi»icpimle ranking was 31 on his most recently recorded achievement test) showed a great 
flair for LOGO In particular, he was very comfortable handling angles from the start, 
esrimating acci^rately, and learning to aggregate successive turns earlier than most other 
childien At the pie LOCO interview, he performed poorly on number sequences, very 
pooily on botl^ permutation tasks, in contrast he was very good at the geoboard exercise, 
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involving as thry do copying rotating and forming mirror images of shapes After his 
LOGO expeiience, he impioves consider.ibly on all these tasks, including the Ceoboard 
ones The question of what to make of this finding is a somewhat knotty one Perhaps It is 
all a result of his improved self-image? 
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6. Obsex'ver Activities 



6.1. Use of Observers 

At leasr one observer was present for two-thirds of the total number of LOCO sessions held 
Wf» used thfee types of observei-patterns* 

1 Rpf^Milar observations by consultant (Penny) H observation sessions. 6 during first 
fortnight, 4 during next three weeks, and 4 during l?.s; fortnight. Very detailed account of 
what went on, which includes comments on teacher pupil relations; on classroom dynamics 
and captures the occasional ''moment of Insight" -- 

"When you want to make a right turn, you do 90" 

A Mimmary of these observations, n.ade from Penny's notes by George Hem, is included 
below (6?) 

2 C/casionsI observations by consultant (George Hem), 4 observation events, a report on 
whuii IS included below (6 2) 

3 Obspivations by members of the LOCO group, one on an individual, regular basis, 
othcf^ as isolated visits (15 observation events m ali) These contributed a familiarity with 
rhp sMbj*»cr^, necessary for writmg this report 

6.2 Comments on Observing Dan Watt's LOOC classes at 
Lincoln School, Brookline November 30, 1977. 

The foMowmg aie impressions fron the observation, not a record of events 

1. The power of the physical motion of "turtle" to understand the con^Ta.fds In an early 
mornni^ discussion betiveen Dan and the two girls (Monica and Kathy; Dan asks what 
(ontniual rommand of RT 15 would be. Monica only understands it ider Dan has her get 

u() and **p*'^y turtle" 

2. Vhr^ powrr of having the hcildren's work displayed both on the display tube and the 
fli^phiy print out A« Dan goes from child to child he always Kaj available both what they 
aip cioin|< huw and what they have done in the immediate past This is one of the few 
pedagopic situations where that is possible (Perhaps It works in drawing class or some 
kinds of building activity) but usually you only have the students latest result and have to 
guf^^^ how the student arrived there 

But frequently, Dan can keep tr^ck of what a student is doing with whom he is not 
^^oikin^. by glancing over or he can know what to ask. to correct, or to teach, by looking at 
what IS displayed when he goes over to a student 
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T hr .,n.r (UHKiple ippHes when a student asks a question The questions are like all 
^tii.|f.nr ,,„r.„on. -hey refei to what the student thinks he/she wants to know Dan can look 
r.ve, ,,„ri mv that's not the problem, the trouble is that you spelled X wrong In a command 
faifJiei ha^k ■■ Oi he c:-n say. "It uill won't work because of XYZ " 

(My own cUsmc model of the bizzare student question ;s always the model from cherr.istry 
Ub. where the kid comcs with the bent glass tubing and you have to resist the impulse to 
grab It because it is still hot enough to burn yo'j Even though it is held out to you. the 
undent really wants to know where the rubber stoppers are, or something like that ) 

In ihK lab. Dan autoniaticall) looks at the whole picture, or as much as is available on the 

'■ueen and an-^weis in tei ms of that 

3. I fie matpt lal that the children do provides the basis for tasks set the next day The first 
cla.-. .r.,,tp.l with f.inblems Dan had devised based on the girls' problems the day before, 
He f,,vf. them vaiious loutines which resulted in errors, first had them predict what would 
happen if tliry ^ave commands like 

TO SLIP TO BLOOP 

^>LIP 5RT15 
^^^^ 10 BLOOP 

END 

asked the.,, to p.alict what would happen and then try it. It was a nice classroom exercise 
basen on previous work The analysis of previous work suggested appropriate problems for 
tfie stiHenf; 

N(,re Althnii^;h Monica and Kathy were beginners, and had trouble predicting, etc they 
alie,Hy knew a lot for example, Dan didn't tell them, but they know that to test out 
(.if»fe l,i,P. hke the sbove, they had to type in not only what was given, but then also to give 
thr. ufM command. SI IP or BLOOP to see what would happen They already share a 

vnr,(h.'|.,iy and have ^nme level of knowledge of how the computer works. 

4. T he chilriirn, esprcially the two above, use Dan's memory a lot They must have 
s..fT.r.vhr,P , iia of procerliirr^ (how do you edit, how do you modify, etc) But they ask 
D.ui Hnw nrfP.^fljy „ this^ Obviously, if they had to resort to looking up every item it 
w„iiH \,p likf the child wl.o "knows" mathematical operations, but doesn't remember any 
mimhf, f,,.-," and ha^ to ask al! the time what simple problems are You can't get very 
miKh dr,ne that way At the same time, should Da.! always answer' He doesn't, and makes 
i (lecisinn in rafh ca<,p .Sometimes he will tell them to look it up, or to try 's'- e'c. It 
t^r-. r.irnfMintinn of expeit knowledge on his part and decision on what to pass on How 
niiif b 1 < )(,< ) pvppne.Rp IS nrre^ary for the former and how much t^a-hing expenence for 
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ihp htfpi^ This IS probably one of those open questions The more of each you have, the 
b^ttrr It IS. but beginnmg teachers and relatively beginning LOCO folk could also do it. 
Thpy v^oiild just not be as good until they got more experience 

5. Thf'ie IS a lot of activity which 1 would classify as "horizontaT learning That is. the 
kids do a lot of repetitive stuff Just as young children repeatedly pour the water in the 
funnel oi sipvp the sand over and over Each time is a little different from the last, but Ihey 
repie^rnr a family of very similar activities Thus, the children draw similar circles, shapes, 
punch m similar commands, etc 

But on obspi vatioii their work has very much the character of repetitive purposeful activity. 
Thpy aif» attending, repeating with interest and presumably, storing up the necessary 
expeiipncrs to internalize the stuff they are doing 

Several t,mps in my observation notes I comment that the concentration is intense. In the 
two classes I watched there was very little idle talk, seldom did a child get up or move 
around, except in the course of the work, no one left the room, they didn't even look at each 
others work They were all concentrated Monica tried to get Donald to do the BLOOP 
routine which leads to a "weird" res^ilt "Donald, do BLOOP" "I can't I've got to do this" 
(Hp is tiying to position the mouth in the face he is drawing) 

6. Dan's pieparation (as well as his teaching technique) is impressive He has prepared 
s(>f>ci^^l activities for almost each child 

He givps the gris RCIRCLE, he has prepared an ARC command, he is already with a set* 
of commands that will get to animation, etc 

7 . Thrip aie a lot of "meta" questions from Dan He forces the children to think abgut 
what they are doing, in a way that does not appear natural to these II year olds. "Why do 
you think I gave you these problems^" he ssks the girls from the first group "How will you 
know whrn it is there^" he asks Donald who is trying to position the turtle to draw the 
mouth The teacher in the LOCO lab must know, not only, routines, but the reasons 
behind them in oider to ask these soits of questions And his questions are more than fhc 
superficial, "what do you think will happen if " that many teachers ask. they demonstarte 
thit he has a purpose in mind in many of the tasks that he assigns, or he understands a 
pui(ifi^p behind the actions of the children 

8. I hrir w a nice mix of scliool f;^sks with the LOGO tasks The children are obviously 
prrnnt^ lot^ of rxrrcise in wriiinp; and spHlmg (after all, correct spelling is crucial in talking 
to thr ff)mputrr. in a way that it is not ir> any other school task) All these children can do 
this whrrh would not necessarily be \x\\r for all sixth graders They have all mastered basic 
readm^ skilis and writing skills 

ban \x\p\%p% to Monica that she must read carefully what the computer says Another 
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''M-|>1. ot . typ.r.l .cl,ool .cquesr f.om the teacher, but w.th a very specific reason OHen 
tr.uUns coM.ct minor ,..ding errors from^ h.lciren. when the error does not change 
rorn,„.h.,n.on ,,nd -h.refo.e the child do.sn't understand why he/she is Corrected * ^ ■ 

9. Who-,. v,,lnr./,MtP,rsts inedom.nate' Dan has a discussion with S - m which he 

.n .w. tn Ur, n,,. th. dc.,;ns she made previously are "slow" that they take a long time to 

n ucT , T '° Seometr.c shapes they could be drawr, 

n ,.ch f,,.,P, I ^p, „,e impression that the slowness bothers him, but not her I don't think 
sh. evn, uMde.stood what he meant In fact, she proceeds to draw one of her d signs 
ZT^Tr: V: computer trace out a few circles it is clear ,o me what Dan has ,n 
mind, hut It IS hK adult and computei -wize concern, not hers 

uli^lVl'V'T ' -^"-hed. there was almost no interaction between (among) the 

O K '"'''"'"'^ °" '^"'^ The only exception wa, the two 

^. K Mnn.ca and K ,thy ,n the first class, who did problems together, but they, too, printed 
th n out separately, and d.d not always check w.th each other Perhaps the availability of 
..I th. -rrminaK has something to do w.th it, but cooperative activity was not evident Have 

oH:;!:;;;r ' -^^'^^ ^--^ °- or 

11. A wnndr.fnl computer grometry lesson Ray wants to draw a triangle and has arrived 
Mj. ,.npl. of 117 to turn the line Dan works w.th him and first the turn is made 115° 
VVhrn Ray M,,,rsts ,h„t they t,y 119° next. Dan can't help but suggest that they try a "round 
nHn,h., ,nd .o thry ge, to 120° There ,s a lot of intervention from Dan in this whole 
n..od. ,.,,„duced th. Idea of equal length of sides, etc but that may be related to Ray'! 
ly r„ ,,rneMl cnthusn.m But the final dra-.-.ng o. a perfect triangle by approximation 
a Ithon^.h not Phtnnic, does have classic qua-ities > approximation, 

12 I here „ , wonderful opportunity for future teaching m S 's last creation, a series of 
ne,te. e. which She develops by instructing the computer to draw SQJ SQ2 all the 

w.,y tr, S(.^ fO The next lesson IS obviOUS ^ ^ 

Dpceniber 21, 1977 

li/H.ne" """" Laura, I call her 

1. • h.ve pnoimes ,nd interests, they simply don't always fit w.th our ideas 

Ar, ,,M h,r „ M,nw|rdj,e from watching and working w.th children but ,t came up today 
K w pu.. (,„„, ,n j,,^^^ ^^^^ .| ^^^.^ ^^^^ K r 

n-ln.en .he., (.e . „y,np. ,0 sell the idea of w„„ng an iterative procedure, and she tells 
-,n r; ' T ■ ' ^P^^ '° ^^P-^ '^-^'^^'^g agam t. make a 
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2. The children as learh^rs are fantastic Not that they are good teachers, but what comes 
out 

a The children who come in are not totally naive, they clearly know some 
ttirtli commands, some ideas about LOGO 

b John's questions, especially, show a surprising knowledge of what the 
computer might do He generalizes, sees problems and verbalizes issues He 
sees what is wrong, and how to fix it, in principle, even though he doesn't 
know rhe specific commands 

c The session gives a good example of how much the regular kids have 
learned and how well they have learned it General keyboard routine, basic 
commands, ^tc are all clearly natural to them now. They are even impatient 
to teach these things, and simply correct the newcomers when they forget to 
|pave out a space, or push the wrong key 

3. I he pulling power of LOCO shows up again today. Even though the first class spent 
moq of the time writing on the table, the second stayed and worked with a lot of people 
aioiind Lauia dod not go to the play, etc One also sees it with the new kids, the visitors. 
Thry liteially ^aid "Wow", "Gee" and other comic strip type wu^ds as they watched the 
thitip,^ h;^pppn 

6.3 Note« on Penny Dunning'?; LOGO Observations ~ 
George E. Hein, Lesley College 

Thp ohsrj vaiton notes do not piovi..e a continuous record, but they do give some suggestive 
iPMpJir^ into what the children do and don't qo in the class The following are a collection 
of rninripnts. nor a sequential analysis Any of them could be expanded or followed up 
thiouf:h looking at the rest of the data 

Class I: Laura, Ga^j, Deborah, Ray 

(nunihr»i ^ rrfrr to page number for reference) 

A. Vocabulary 

Tli^^ n^H f)i I 0(>o mvolv. ; a romplrx, irchnual vocabulary We may underestimate it. and 
uivi^if^uiin^^r )u^^^ how much thp cluldrrn learn "Log In" "It's reading the files" (2) and lots 
f)l nrhri trton came up and. .ilthough rhey may have been explained, it takes lime and 
exjirti^rur in le^rn th^m Ray a^ks why it is called "turtle** early on 

l .^rn rhp < uHi en u^r wortU, but it is not clear that they always know what they mean 



ERIC 



PAGE 70 



B. What do 6th Graders Know? 

1. Expnimrni vs "messing about" Dan tells them to experiment* but it seems to mc that 
thry don't know what that means This is not surprising from Piagetian work When Dan 
,supfe;pst^ thi^. ihpy oftrn don't, then systematically try changing variables under controlled 
condifmn^ Thpy do what Hawkins calls 'messing about*. The difference is important, and 
wp can't pxpect the kids to get the kind of certainty from the latter activity that they would 
get from the formpi Dan ^ays. "experiment" and goes away. When he comes back Deborah 
or Ray m^y have tried some things, but they have not conceptualized the different results 
because thry didn't consciously do experiments (3/4) 

2. Rplatpd tn this IS the problem of scale This has com up m several previous comments. 
If a Imp IS 10 long, how much do y^u add if you want to make it a lot bigger^ The kids 
obviouOy go at this problem in a messing about way, not an experimental way and without 

a clear sphsp of scale 

3. They ha v. to dfj the "obvious". Laura does R50. After doing it she has no idea what 
L^O will look like (22) This happens repeatedly. Wh«t appears obvious to Dan. or other 

adult ohsei ver s (or readers) is not obvious to the children 

4. f aif^ or [nocediiies What the children can do on the computer exceeds what they 
undpiuuid In the various POLY procedures, they can generate designs, but they don*t 
know what will happen if they change one number or the Other, nor do they know the effect 
of par fi mimhri on the pattern Will it make the pattern bigger or smaller, wider or taller, 
ppneratr faster or slflwer^ They can only try it and then see. not comment on it a pnort 

5. Ourpiit vs procedure Theie appears to be some confusion between instructing the 
roinpiitpr to do something (Print or display a design) and teaching the computer (as the IcKal 
liiiFO has It) a procedure This is related to the vocabulary issue of how well the children 
und'^r stand (he words they use Laura uses the words, but does she understand? The same 

i^siip romrs up again several times 

C. What do they do? 

Kehtf^d fo the abovp are some issues about what the children actually do, in the context of 

thP|} V lH)w|pd|^;P 

1. 'Rrvnw" piocedufps They ^pend a lot of time calling up procedures that they have 
fioi^p piPvioMsly on the computer This is graciously called "reviewing" procedures Is it 
vJiMih, nmp' h It (inrposefril activity? Is it related lo developing a working knowledge of 
thp diffpreiirp bptween generating a design and teaching the computer? 
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2. Dehbetatp eiasur^ Laura (25) and Ray (58) act In such a way that a design is not 
converted into a procedure (Tm sure others do it also) There are three possible 
explanations 



^ They don*t realize what they are doing, le don*l understand, 
b They simply forgot in this case 
c It's deliberate 



I favot the last explanation, especially in Laura's instance We should not underestimate the 
apsrhetic element and just the element of will The particular design was not what they 
wi^ntrcj. there is a class notion that designs should be recorded; to avoid that the student 
does something "stupid** which will erase the procedure 

3. Check each other out The kids regularly go over to watch what the others arc doing 
This activity follows a pattern through the observations Of course when someone calls out 
01 wants attention, they all look But at other times, they just happen to look over at the 
other screens and just keep in touch with each other There is probably a lot of learning 
that goes on this way 

D. The Value of LOGO 

The Items under B and C suggest to me certain particular values of LOCO as concurrent 
with the issues that have been raised 

1. "Messing about" Presumably kids need this experience, no matter what the medium in 
which they are working LOCO provides a wonderful opportunity for this It is very easy 
to mr^s about without making a mess* The infinity of numbers provides chances for 
vai lation. etc 

2. RrpPtition The same applies here Kids have to repeat to learn (So do adults, that is 
why we o\tpn don't learn new skills, because we are not willing to put in the practice time.) 
LOGO offers a practical way to get this kind of experience The observations clearly 

d*»fTioinrrate that the kids do practice and repeat 

3. f f vinf^ fh^ ^ohviou^" Thr i^uie !«; mrntionrd abovp The kids seem to have to try it. the 
orhpf mHp of {he com is that LOCO provides the opportunity to try it and to see the results 

c Irarly 

4. Higher numbers related is the topic of how much bigger, etc. gam. LOCO provides 
cle^r practice so that they c^rn begin to realize that if 2 )s small. 3 won't be much bigger and 
thpy should venture on to 20 or 200. etc 
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5 rf,. ppHu.nrnt record Anothe- example of the value of the trace which is left by 
LOG< ) bPhcah bothers Uan a lot. and constantly asks for help At one point she is stuck. 

wrm t hrip and she goes off (31) This time ,t really isn't something she could figure out 
.'■.^Hf, ,„rl Dan ..ahzcs this when he looks at what is on the screen He can correct his 

nphrivioi to meet the situation 

E. Ray: 

Hp s.up doesn't do much, but I am not clear why. There are some interesting aspects to Ray 
which come out from the observations For instance, he can conceptualize; he suggests that 
if X IS too ha Id to make for a tic-tac-toe game, other, simple markers can be used (44) and 
he can visulaue how an animation would work (ii). He starts early with an idea of what he 
could do (m the first observation), and he spends a lot of lime scheming how he could spend 
less lime in the room than he has to I don't know why he isn't more Interested 

F. Finnlly, r nice quote (54) 

Lama says. "My mother doesn't like computers She thinks they're boring" Dan asks her ' 
A'e thf>y boring?" Laura responds. "Not when I'm doing it" 
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Appendix I - Detailed Profile, of Each Child's Work 



Individual Profitei, Ciry 

Gary was clearly the "brightest" child In the group He had prior knowledge about using 
computers, and had done some programming in BASIC somewhere. Last summer he had 
attpnded a C ^ )M PUTERFAIR held In Boston, and had asked his parents to buy him a 
computer 

From thp beginning he abosrbed Ideas voraciously, and rarely had to be shown something 
twice He was extremely eager to learn new things, and although he always stayed with a 
project until it reached some kind of completion, he seemed to have little desire to Improve 
or alter a finished product In one case, however, he completely reprogrammed one complex 
design at my request, as an exercise in "learning to write better programs") 

Gary legularly stayed "late" after the end of classes He actually resisted leaving, to the point 
of making it an issue for a while 

A couple of major programming issues for gary were naming, and using functional 
subprocectures Gary had a strong sense of humor, and enjoyed nonsensical names. He was 
introduced to the name FOO as a random procedure name, and decided to name aU his 
procedures as a series of FOOs FOOl. F002. ..FOO200. When he began working on his 
first big project to make a face using arcs and circles, he "burled" his functional procedure*, 
F006, F007 and F008. insi Je procedures, which were inside other procedures. His 
procpduies were somewhat Involved, and required a fair amount of debugging.. Gary had 
difficulty remembering which procedure he had to edit, and had a lot of confusion as a 
result (Sep figure G 1) 

Gary's general method of working, which persisted for a long time, was to plunge Into a 
problem "headfirst", witn very little planning, little consideration for the effects of an action 
that might go beyond what he was focusing on at the moment As an example, in his second 
project, making a math quiz, he had a set of procedures named MATH. MATHI, MATH3. 
He decided that they were ordered Incorrectly, and so decided to change the names of the 
procedures, so that the first prccedure used would be MATHI, the second. MATH2. etc. 
What he forgot while doing this, was that he would also have to change all the procedures 
(hernseives, so that they would be calling the correct subprocedures When he finished 
changing the names around, all his procedures suddenly stopped working. He was able to 
debug this situation himself by printing out his procedures and "playing computer" (See 
figure C 2) 

Cary s third n;ajoi project was the drawing and animation of a starihip His first attempt 
abandoned subprocedures in favor of t long. Involved itep-by-step construction. This led to 
some really involved, frustrating debugging Gary plugged away at the proceii. which 
required that he add many lines to hli one basic procedure 
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TO FACE 
1^^ ENM 

TO ENM 
je EN 
^ H 
END 



;0 EN TO M 

5 Si!^ ^ MOUTH 

^ J*5S£ END 



TO F00€ 

1 FOO? 

2 PENUP 

? LEFT 90 

4 FnpMfiP(> eo 

5 PENDOMN 
PUjHT 9t? 

7 pripri F 45 
ft PENUP 

P!GHT 90 
in FnpMflpn 169 
1.1 I FFT 913 
1.-"* PFNDOHN 
1" M" IPri E 4^5 
ia HIDETUPTLE 

TO FOns 

X LCIPCLE 90 

2 RCIPCUE <*« 

FNP 



TO F007 
1- PFiNPOWrJ 

2 S 

7 FOPWfipo 100 
4 PIGHT 99 
•5 FnpwfiP(> 30 

^ PIGHT 90 

7 PRPC 10 

8 PRPC 10 

9 HIDETUPTLE 
END 

TO S 
6 

If^ PENUP 

20 SHOWTURTLE 

30 LEFT 90 

40 FORMRRD ae 

•50 LEFT 90 
60 LEFT 9 
70 PENOOWN 
END 



TO F008 
1 PENUP 
10 PENUP 
20 FORWARD 79 
30 PENDOWN 
40 RIGHT 9e 
45 RRRC 80 
50 PENUP 
55 PIGHT 90 
60 FORWRPD 166 
70 RIGHT 90 
00 FORWARD 70 
90 LEFT 90 
100 PENDOWN 
H0 LRPC 

120 HIDETUPTLE 
END 
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Figure b-^^ 



TO MrtTHl 

J ^^--^ WOPD P«NDO„ RANDOM 

r Nttf12 ■ C GO 7 

MRKE "ftNTS TVPEIN 
-'rt TEST Rf^s - NUm ♦ N<ifi2 

TO mTH2 

10 PRINT CHOIJLD VOU LTt.'P rr, Lja.«- 

^■0 MRKF "Rf^c; peo,,ect^*^^ '^'^ ^^^HEP PROBLEM?] 

TO MRTH3 ^ 

PRINT CHEirOME TO TMF unoi r. r«- 
in ppjf^j ^"^g^O THE UOPLD OF MRTH • ] 

MRKE -RNS TVPEIN 
TEST RNs « 17 ^ 23 

a.i TPTPUE PPINT CCORRCCT'J ^TOP 
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(He had used a HOME command In his original starshlp plan to rejet the 
lurtle at several points during the procedure. Since this ruined the animation, 
all the HOME commands had to be eliminated, and. to carry through with 
the plan, replaced by several steps which would bring the turtle back to the 
origin ) 

Following Gary's successful completion of this task, which had taken him about an hour, 
during which he needed help understanding the initial bug. 1 explained to him that a "good 
computer program" would be simple, and easy to understand. That with a few simple 
subprocedures he could have made a starship program that was much easier to understand 
and debug. I suggested that he re-do his starship from scratch next time, and try to make It 
really simple He agreed to this, and next time made a' starship program using moduUr 
subprocedures. that could almost serve as a kind of modef of LOCO programming. (It still 
had some sub-procedures contained within others, contained wtthin others, which made it a 
bit more compelx that it had to be.) The exciting thing' was that for the first time, Gary 
understood what it meant to write a "good program" and was able to reflect a bit on 
organisation vs dis organization (Gary also cleaned ub his notebook., put the pages in 
order, etc another suggestion from me that he was willir,g to accept and understand, at 
this point.) (See figure G-3) 

From the start. Gary displayed absolute confidence that fvith my Kdp, he could make the 
computer do anything he wanted. For his last project, he decided to use an idea he got from 
a creative computing" pamphlet which described a "science project" by a clever high school 
student who combined a morse code reading program with a discovery that a certain kind of 
repeating loop program caused interference in a nearby AM radio. By controlling the 
running time of the looping procedure, he was able to produce "dot" and "dash" Interference 
on the radio and hence use the computer to transmit an audible morse code. Gary very 
much wanted to do this project, and even brought in an AM radio for it. 

Despite my protestations that I didn't know how to do it. Gary was determined and 
convinced that he (and I) could do it He did realize that ft was a big project, and might 
not be accomplished completely in the time we had left. He also agreed to my suggestion 
that he begin with a program that could translate sentences into morse code, and a reverse 
program to translate morse code into sentences He realized that these would have to be a 
basis for his larger project, and was content to begin modestly. 

For the final two classes. Gary had a visitor, his friend John, a seventh grader His 
Interactions with John were very suggestive about what might have been possible for Gary 
In a less restricted learning environment (that is -- more people for him to interact with 
fruitfully) John caught on to the elements of LOGO extremely quickly under Gary's tutilage 
At the same time he supplied a sense of "creativity" that Gary was lacking In his approach 
to the work Two examples that I picked up and referred to in my notes of the last session 
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^ rrqpcHip 

• ^ ! f ^ 1 c^o 

* ' PFT 9m 

PIGHT 
Lr>l 'HO 
' pf-Nf-riMf^ 
< ' 111 ^ nf,'i ihp|^> •|^^30 

It^^ ^-IGHT 9m 

1 Ui r OP|.iHP[. SO 

' VI I PPT ixti 

' I* f ifpt.lHPO 100 

1 -IM M fJt If"' 

I- npi iHPf' so 
PI GMT 90 



1 J 



|pf^^?0 



' f F P^T QO 

* v^ LFFT 99 
>ao I pr ^ Qc:^ 

FOPWfIRn 66 
^^^0 LFFT ?e 
TO FOPNRPr. 2e 
PFfJilp 
I FFT 90 

FOPiiRpr -7fi 
?'=^? prr,HT 90 

"Op HIDFn.fP'TLp 

"10 PFr^noi-ir^ 

-^i^R.priPrLF 10 

^1^^ CIPrLF. 10 

-?4^ PFr^ljp FOPWRPO 70 

345 PENOOUf^ 

^■5e PRPC 10 

3»:0 PRPC 10 

y^ei PENup PRPC 10 

?«0 PRPC 10 
?90 LRPC 10 
40e LRPC 10 
410 HIDETURTLE 



STARSHIP 



TO STA 
3 'YRAP 

2e LI lee 

END 



5r ^/tSfff p 

TO ST.\flSHlP 
le STA 
20 VI NCR 
30 WINGL 

KND 

TO WINGR 
le WO 

20 Hicirr 90 

30 LI 50 
35 LtXT 
40 NOV 



To m 

10 Rlcm^ 90 
20 FORWARD U i 
30 LfcFT Q« 
END 



TO C 
10 SO. 1 

20 PENDOWN RCIRCLE 10 
30 LCIIICLK 10 
40 PENUP FOUWAIID 30 
45 PENDOWT, 

50 REPEAT [RARC 101 2 

60 PENIJP HEPEAY [RARC 101 2 

70 PENDOWN REPEAT [ LARC 10] 2 

00 PENUP REPEAT [ LAJU: 10] 2 

90 BACK 30 

END 



10 WINGL 

10 MOV 

20 LKFT 90 

JO lA ao 

3 RIGHT 90 
40 HIDETURTLE 
END 



TO MOV 

10 LFFT 90 

20 FORWARD 

30 RIGHT 90 

END 



TO LI :LE 

10 lUGin* 90 

FOR^^ILO :LC 
l.KFT 180 
FORWARD 2 * :LE 
RIOOT 160 
FORV :LE 
LFFT 90 



20 
30 
40 

60 

70 
END 



PAGES 



(1) the boys were animating a "zeppeltn" which was oriented horizontally. 
Whenever it "Wew" it always moved perpendicular to the lor.gUudina! axis. 
"Hey". John said at one point, "what if we turned the zeppelin 90 degrees first 
-- then would it Hy in the right direction?" Of course -- exactly the right 
solution (Gary might never have come to it as quickly ] 

(2) similarly, the boys built a maze on the screen, and realized that the Zepplin 
was too big to animate. John suggested animating the "turtle" an idea that 
astounded GEM. (After all. the turtle <vas "the turtle") Gary had the 
conceptual tools to animate the turtle easily with a few words with me. John 
ha^ the divergent thought processes to suggest entirely different ldo'« outside 
of gary's usual framework. 

What might have happened if both had been in the class together from the start -- or if 
gary's class environment had been such that he could have b?en exposed to a variety of 
creative inputs from peers This suggests strongly that the ultimate place for the computer is 
In the classroom, rather than in the "computer lab" 



Individual Profiles, Kevin 



Ke n was an able and entbusust.c student From the beginning he had an exceptional 
ab l.ty to control the turtle - quick with accurate estimations, rhanging or combining steps 
with confidence Kevm was the first student in his group to see that a turr, of 90 degres was 
necessary to make a box. the first to see that RT 90. RT 90. could be replaced by one 
m-truct.on, RT 180 which wfbld always turn the turtle around Kevin was also very quick 
to combine FOWARD commands He rapidly learned to shift the position of his head, to 
(..rallel the position of the turtle, m order to decide which direction to turn It In eeneral 
the world of the turtle was a very comfortable one for him. 

1'?!^"' " compulsive n-^ taker He took notes as he worked, and then recopled them, so 
hat they would be neat in his notebook When the children all worked as a group fo^ the 
first four classes. Kev.n was the first to take on the role of "recorder". At the end of the' first 
day. after the group had made the turtle draw a box. but had not yet learned how to write a 
procedure, Kevin wrote down the steps in his notebook, so that they could be remembered: 

TO MAKE A .Q.UnRE 

FD 100 
RT 100 
LT 20 
RT 10 
X 
3 

In his project work. Kevin made a great effort to finish everything he started (with the 
exc-ptlon of a very complicated "flag" which he abandoned) He was willing to experiment 
patiently, and when something did not work out exactly right, start again. He took careful 
notes of successful steps, enabling h.m to star', rt-ily from where he had left off 

Kevin was very responsive to suggestions from the teacher He seemed to absorb new idess 
quickly, when they were relevant to his work and to his existing sense of how things could 
be done In the same way that Kevin automatically combined steps to rewrite FD 50 FD 50 
as FD lOfJ. the next time he wrote it. or RT 90. RT 45 as RT 135. he seemed to be extremely 
quick to seek out and accept other ideas that led to shortcuts, or streamlining in his work. 

Kevin had a linear approach to problem solving H- liked to approach hli tasks one step at 
a time, in order Advance planning was not his specialty. Although he did learn to use 
subprocedures within a larger project, when he had one part that was repeatrd over and 
over, or when he needed to break up h.s work Into manageable chunks, he was never 
interested m top down" planning, in which he would have had to decide in advance which 
su procedures he wanted to use. and how to organize ther-, 
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Kevin'j work during the series of classes can be divided Ineo five major segments During 
sessio-' 1-4 he worked with the entire group, learning the basics of LOGO by developing 
some c signs involving squares Sessions 5 and 6 were spent Inventing a triangle procedure, 
and creating other shapes usmg the triangle Sessions 7 and 9 were devoted to a complex 
nag project which Kevin decided to drop In session 10. he llbgan a major project - making 
the computer draw and then animate a large turtle This project was continued for a pericxl 
of rwo weeks, and was v^orked on for the major part of 6 different classes During his last 
three working sessions, Kevin worked with POLY procedures, exploring angles, shapes, 
variables and stop rules 

During the first four classe . Kevin took a lot of leadership, as the class worked together on 
a series of pr( jcts InvolvMg boxes Kevin suggested ideas for projects, names for projects, 
and was especially helpful in suggesting the steps needed to carry out the projects It was 
only when the teacher suggested that one of the projects be carried out in a "top down" 
plan ahead" manner, that Kevin had difficulty understanding what was happening, and 
how to prcKeed 

During the first four classes. Kevin demonstrated aga^n and again a quick, intuitive grasp of 
the world of the turtle While he seemed to have a jjood sense of what ttep should be taken 
next - especially where the turtle shouW be aimed - he was not always Hle to decide how 
far the turtle shouW go He also had difficulty knowing exactly where the BOX procedure 
would appear on the Kreen when it wa» used 

His intuitive grasp of Turtle Geometry became even more apparent during his first 
independent project - makmg a triangle His very first atttmpl was RT 45, FD 100, RT 45. 
RT 45. FD 100, producing the figure shown 



figure Ke I 




He n^ded two tries, experimenting with the angle at point C. before hitting on RT 45^ RT 
4^ RT sn, which he first combined to RT 45. RT 90, and then to RT 135. when he wrote the 
procedure He easily estimated the distance to close the triangle as 150. then went BK 10. and 
changed the total to FD 140 In his procedure Kevin's triangle procedure, arrived at In 
about 25 minutM of exploration was 
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TO OF 

1 RT 4S 

2 FD 100 
RT 90 

4 FD 100 
RT 135 
6 FD HO 
END 




OF 



ft^rf Kc-2 



When Kevin repeated OF, U made a floweHike dttign He also used hU OF procedure, 
ikmg with BOX. to make his own verston of i hmm. 9 row of t«w houm. 




HOUSE 



1 BOX 

2 Hicvrr 

8 *'ORW\RI) 100 

4 LEU 90 

5 FORVMU) 20 
^ RIGHT 90 

7 or 

TU 2H0USL 



PEN UP 

rORWMlD 100 

Ri<;in 90 

LEJ-T 180 
rOHWARB 100 

FOAWARD 5# 

mcffr 4t 



I 

a 

3 
4 
5 
6 
7 
8 

S# 

11 HOWE 
Clip 
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Kevin's next project wis to make « large American Flag^ Hit fhg was worked out is alo«if 

s^qimtcf of steps it was b?5Srd on the procedure 6ICBOX. which provided a background 
of 100 by 100 squares m a 4 by 3 grid Kevin used the boxes of the grid as markers, as a 
kind of "coordinate system," so that he could tell how long the stripes should be. The flag, 
which Kevin worked out experimentally by direct command, looked something like this 
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figure Ke-4 

Kevin took careful notes, and attempted to write down each successful step In his notebook. 
Unfortunately, there were many steps, and Kevin had made a few mistakes In copying. The 
process of debugging the Incorrect steps, and restoring correct ones seemed too formidable to 
Kevin, and he decided to abandon the project. I tried to use the situation to suggest a 
different approach plan out the project, using subprocedures for the long and short stripes, 
etc . Somehow. Kevin did not understand this approach. Or he did not want to "shift gears" 
and start over He preferred to drop the project - th^ only time Kevin ever gave up on 
anything he started 

Next, Kevin began what became his major project - lasting for six classes, over a two week 
period This time, he did a certain amount of advance planning. First he drew a picture of 
what he wanted the turtle to look like (figure Ke 5), and started right In to bulW it. using 
arc and circle commands This time, Kevin was willing to work it\ terms of subprocedures: 
SHELL. HEAD and FOOT (at my suggestion), but his approach to building the turtle was 
still sequential - a step by step process. 
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figure Ke'5 

While working on this project. Kevin had to absorb a lot of new techniques. He became 
expert in the use of PENUP mode for explorations Hf learned to use RARC :R and 
LARC R with precision, carrying c'H careful explorallons with the turtle's PEN UP b/ 
using, for example. RARC 90. followed by RT 180, LARC 90. RT 180. I also showed Kevin 
an arc procedure with a variable angle. ARCR .R A and ARCL :R :A. so that Kevin could 
easily move the turtle around the circle which formed his "turtle's" outer shell As he had 
done for the nag project. Kevin Invented his own coordinate system to aid him In moving 
around the outer shell The 3500 display system leaves a dot after each Individual st«p. The 
circle procedures which I gave Kevin used angles of 10 degrees as the basic step. Kevin 
discovered bv experimentation, that ARCR 90 60. for example, would move the turtle exactly 
SIX dots along the outer circle In this way. Kevin as able to navigate the turtle around the 
SHELL in a precise manner, to locate tht four feet, and the tall. In precise relation to the 
head and each o'her 



Kevin now had another problem -- getting the turtle back on the SHELL, after each 
subprocedure After completing the HEAD>for extfr^\e, Kevin had experimented with 
turning the turtle through dlff^reht angles, to line it up with the shell again. Then he 
moved on down to make the first foot. Now he turned the turtle LT 90. and mide a FOOT, 
at which point he had the problem of getting the turtle back on the shell again. 



Figure Ke-6 
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Figure Ke-7 
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At thli point 1 jhowed Kevin that If he changed his FOOT procedure. »o that It finished 
exactly where it started, he could Just tur., the turtle 90, degrees, and It would be precisely 
hack on the clrtle again. I also explained that the simplest way to get the turtle back to Its 
starting place was to reverse the steps of FOOT. Kevin understood the usefulness of 
Idea, and used It In his own way Rather than add the extra steps to FOOT, Kevin created 
a new procedure, BKFOOT 



TO FOOT 
10 RARC 20 
15 RARC 20 
20 FD II 
END 



TO BKFOOT 
20 LARC 20 
30 LARC 20 
40 FD 8 
END 



In this way. Kevin could move along the circle until he came to the point where a FOOT 
was wanted He would then use the following sequence LT 90. FOOT, RT 180, BKFOOT, 
LT 90 This would locate the turtle exactly where it had been before making the FOOT, 
ready to continue its journey around the SHELL (figure Ke-7) 

I have discussed this example In detail, because it gives a good sense of how well Kevin 
absorbed new Ideas, at the moment that he needed them, as long as they fit Into the basle^ 
approach he was using He rejected the idea of making the FOOT procedure Itself state 
transparent (my idea), but used it in his own way for exactiv the same purpose. Once he 
adopted the Idea, he used it expertly, without hesitation. It was then fairly easy for him to 
complete the turtle (figure Ke-8) He had abandoned the idea of maklm lines across 'he 
shell 



TURTLE 




Figure Kp 8 
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POL Ys wKh an angle of .5 degrees POLY 50 «.ToLY 55 POLY » Tri 
des.gn that Kev.n called a "tunnel" We talked through tie prLT^e " ' 

TO TUNNEL SIZE 
10 POLY SIZE 45 
20 IF SIZE - 105 STOP 
30 TUNNEL SIZE . 5 
END 




figure Ke-9 



During the next class. Kev.n made a great leap in understanding *, „f «rt.bl« H. 

roT T * POLY Whose angle wa, » CV^™ kTi! 

from me. he wrote the procedure » »w. i nm, WNh lomc help 



TO LIPS SIZE 

10 POLY SIZE 90 

20 IF SIZE -150 STOP 

3n LIES SIZE ♦ 2 

END 




He then deeded that the uep of . 2 ,n LIES wa, too small 
procedure 



figure Ke-K) 
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TO FU .SIZE 

10 POLY :SIZE 90 

20 IF :SIZE - 150 STOP 

30 FU SIZE ♦ 5 

END 

At this point, I told Kevin that I could show him how to make it possible to 'change the 
amount that the POLYs would grow each time, by making that a variable. He picked the 
name "SET for the new variahile, and together we wrote the procedure. 

TO UFC SIZE SET % 

10 POLY :SIZE 90 

20 IF :SIZE - 150 STOP 

30 UFC :SIZE ♦ :SET SET 

END 

At first Kevin was confused about the appearance of :SET twice In the recusion line, but I 
explained that the first time It was added to :SIZE to give the new :SIZE, and the second 
time It was telling the computer to keep track of the variable "SET. 

Then, before we could try out UFC. Kevin asked, "Could we make the largest size change, 
too?" "Of course." I said. "What do you want to call it? He decided to call It "LARGE, and 
we edited 1>FC Kevin knew that :LARGZ had to be added to line 30, and that line 20 had 
to be changed to read :SIZE - :LARCE STOP. Kevin spent the rest of the period 
experimenting with UFC. 

TO UFC SIZE SET LARGE 

10 POLY SIZE 90 

20 IF SIZE - :LARGE STOP 

30 UFC SIZE ♦ SET :SET I A.r.GE 

END 

Kevin could now vary the starling size, the ending size, and the rate of growth. He tried a 
number of experiments, but none that would produce a stop rule bug (for example UFC 10 2 
25) would never have Its stop rule satisfied) His favorite discovery was that UFC 100 100 100 
made r square of .vde 100 He was thrilled to realize that he could use this to make a 
variabi .ued square procedure. He did not realize that his middle variable was now 
irrelevant although he did understand that the reason only one square was made was that 
the starting size and the ending size were the same 
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UFC lee lee lee 



Figure Ke-ll 

During these sessions, Kevin demonstrated the same quick learning In the use of variables, 
that he had shown with regard to turtle geometry. I believed thar this happened because he 
was u$in£ these elements, nianipulating them to achieve a purpose. Always ready to absorb 
an easier way of doing something. Kevin was able to make a leap In understanding that he 
had not achieved earlier, when 1 had introduced the Idea of variatlts and stop rules as a 
little "lesson" for the whole group. 

For the next to last class, Kevin Invited Frankie to be his visitor. He began by showing 
Frankie some of his procedures He then taught Frankl«J some of the elements of LOGO. 
First he created a model of what he was trying to show, then let Frankie try it out. For 
example, to teach Frankie how to write a procedure, Kevirt wrote: 

TO ACE 

10 POLY 90 « 

END 

He then let Frankie make up his own procedures based on this Idea, Md try it out Frankie 
wrote \ \ 
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TO KISS 
10 POLY 7 50 
END 



Then they worked together on a little project -- to make the computer draw 
th« "kiss" design (shown at left), a copy of the design on Frankle's T-shirt. 
They worked through the design, step by step, with Kevm doing the typing, and Frankie 
taking notes Kevin and Frankie discussed each step of the process. The project Involved 
forward and back, right and left, penup and pendown commands, and used rotations of 45 
and 90 degreei The period ended before they cwiW "teach" their design to the computer. 

Kfvin b«g«n the series of classes with a very strong and accurate sense of how to <^trol the 
tjmje He did not originally show the same sureness In using the computer ts a tool to 
organize and simplify his work. Through work on his turtle project, he began to use the 
Idea of subprocedures. and state transparent designs to simplify his work By the end of the 
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series of classes he had assimilated the Idea of using variables to control the size and shape 
of repeated POLY designs, and to control the procedure Itself. Thus he had moved in His 
work from using the computer ro control the turtle, to learning td control the computer Itself. 



p 



Individual Profiles: Donald 

Donald is a student whose work was characterized by a good understanding of formal 
approaches to problem solving, combined with some difficulty with details of geometry. He 
was especially good at naming procedures and subprocedures. using and understanding top- 
down planning, making use of mathematical analysis in planning his work, and 
understanding the function of conditionals and stop rules. At the same time, he tended to 
have difficulties when working ■experimentally-, with turtle geometry - often not quite sure 
where the turtle would move next. 

Donald spent most of his class time on one project: making the computer draw an elaborate 
HEAD, which Included a beard, hair, a hat and a flower, in addition to the usual features - 
eyes. ears, nose and mouth. Donakl worked for twelve class periods on this project. He 
be^an by drawing a picture of what he wanted the head to look like, and following the 
teacher s suggestion, wrote out a super procedure to draw the head, using subprocedures to 
add each of the features. In the course of his work. Donald had to do a great deal of 
estimating, of both distances and angles, use arc and circle procedures, use procedure* that 
repeat, use variables to control size and angles, and especially, learn to separate a problem 
into parts, to make it easier to solve. In addiuon, he used a POLY procedure to make a 
FLOWER for his head, and had to use recursion, as well as a conditional stop rule. 

Throughout his work. Donald had difficulty in understanding the effect of the state of the 
turtle at any given time. He could net always predict where the next step 'ould occur. At 
times it seemed as if Donald had some difficulty in seeing exactly where the turtle was 
headed. The teaching strategy employed to help DonaM deal with these problems, was to 
help him develop tools of mathematical analysis, to help him figure out the best way to aim 
the turtle, without relying totally on experimenUtion. In this way he was exposed to the idea 
of using a kind of "grid" to help him maneuver the turtle around his HEAD, and to the way 
*n which the total angle turned by the turtle in a given situation, was a key to deciding how 
much farther he had to turn it next. In addition, he was shown how to break up even a 
small problem into parts -- for example. M placing a mouth on his face, he had to decide 
Which arc to use for the mouth, the orientation of the turtle, and the sUrting point for the 
mouth. In this way, he was helped to overcome obstacles that might have interfered with 
his success while learning principles of geometry, computer programming, design and 
planning. o © 

Donald's first problem when he began to work on his own, was to make a "houst", using t 
triangle and a box. He had developed the BOX procedure on the first day of classes, along 
with the rest of the kids, but he had been absent during two classes when the children all 
defined triangles. Donald was given a state transparent procedure which oroduced a 
triangle like this: *^ 
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Figure D-1 

Donald spent the entire period trying to add the BOX to It, like thli: 




Figure D-2 

His basic stratigy was to try to get the turtle to the upper right hand comer of the triangle, 
and then use the BOX procedure. (BOX made a square by turning right.) He never 
succeeded In figuring out how far to turn the turtle to get It to the right place. Although he 
came close to It by experimentation, he had not kept adequate notes, and so, dkl not realize 
how close he was. Part of the problem was that he was dealing with two disorientations - 
the problem of the "gap" between the TRI and BOX procedure^ and the tilted orienutlon 
of the whole shape. When I suggested that Donald make a plan by drawing a pkture of the 
house he was trying to construct, he drew a tilted houie! 




Figure D-3 

I began the next class by suggesting that he begin with the BOX (to eliminate the 
disorientation of tilting). Once he did this, he figured out a way to solve the "gap" P«*lem, 
without having to find the angle between the BOX and the triangle. He simply moved the 
turtle to the upper right hand corner of the BOX, turned It around, and used the TRI 
procedure, so that the first leg of the triangle was along the top of the BOX. 
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Figure D-4 



After experimentation he made a mistake in copying steps, and I had to help him debug hU 
HOUSE procedure, by comparing steps on the screen with steps in his procedure. I 
suggested that he get in the habit of writing the correct seeps in his notebook, so that he 
would have a record Trom which to copy. 

After a couple of classes, during whicn he experimented somewhat randomly (working on a 
"train** and a ''city*' neither of which was ever made into a procedure), Donald settled on an 
idea which was to become his major project for the next four weeks. He decided to make a 
man's face, complete with beard, hair, hat and flower. He drew the following picture In his 
notebook at the beginning of session 9; on November 23rd. 



By November 28th, he had modified his plan somewhat, and drew this picture, whkh 
simplified the ears and the hair, but added a moustache. 



Figure D-5 
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He worked steadily on this project until It was complelid in tmlon 2I» on 
He had worked for 12 separate class sessions on his haul. Tlit rcMk wu ahnoit 
his second plan (without the moustache>. 




Figure D-7 

He began serious work in session 9. Using the BOX procedure and a long mrim of 
individual steps, (which he wrote down in his notebook) he had drawn the Mlowlnf bj tht 

end of the period: 
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Figure D-8 ^ 



I showed him how to make a varlible siied box procedure, so that he could experiment 
easily with the size of the hat (I thought he might be able to use it for the ears, too). 

At the beginning of class 10, I suggested to Donald that he make a plan for the head by 
writing a superprocedure which would include all the parU of his head. Then he could 
teach the parts, one at a Mme, and simplify the whole process. Donald understood this 
immediately, and together we wrote the procedure HEAD: 



TO HEAD 

1 BOX 

2 EYES 

3 NOSE 

4 MOUTH 

5 BEARD 

6 HAIR 
END 



During the same class Donald completed the procedures for making the eyes and the nose. 
To help him figure out how to place these features within the head, I helped him work out 
a sort of "coordinate system" or "gr'^" inside the h>ad. By using this Idea he was able to 
figure out how to locate the eyes symmetrically and how far to "lower* the nose. His 
procedures for EYES and NOSE included the steps which set the eyes and nose in position, 
as well as the steps which drew the actual features. They were not state transparent (nor did 
I suggest that). Each one simply started where the previous one had left ofT. 

Using this mode of "top-down" planning was a big breakthrough for Donald. It meant he 
could concentrate on one step at a time, and not worry about having to lose or erase the 
picture of what had gene before. He also had a clear record of where he was at, at every 
stage of his work. Aft«r completing EYES and NOSE, If DonaM gave the command HEAD, 
the computer would draw the head, complcicd as far as lie had gotten, and print the 
message, "YOU HAVENT NOT TOLD ME HOW TO MOUTH AT LEVEL 1 LINE 4 
IN HEAD " Etc I 1 



From this point on, each addition to the head meant a new challenge and new learning to 





Figure D-9 
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Donald. To draw the MOUTH, he had to learn about arc procedures. He had to 
experiment with the size of the arc, to determine the angle at which to orient the turtle 
before drawing the arc - and after drawing it. He had to find the point to start drawing 
the mouth. For Donald these were ma|or challenges and he need at tot of help In analyzing 
his situations at each point, (classes II and 13). 

To drai/the beard, Donald had a whole new set of problems. I suggested that he make a 
procedure that would draw one *hair" of the beard, and then repeat thli to make a whole 
beard. I also suggested a plan of making the beard in the foltowlfif waf: 



Donald now had to figure out how tong to make each "string' of the beard, how far to turn 
the turtle before makj|ng the first "string"*, how far to turn the turtle after each "string * and 
how many "strings" were needed to make a symmetrical t>eard. After solving all these Inter- 
related problems, he had to figure out where to place the turtle to start drawing the beard, 
so that it h)oked the way he wanted it to. (classes 14 and 15) 

After making the beard, Donakl had a easy time making the hair. He had the turtle draw 
one "hair", then move over and draw another one continuing until the head was covered. 
Donald used a REPEAT procedure which I had given htm, to make both BEARD and 
HAIR. He now added the EAI^S, w kh wu quHe shnpte, and by the end of class 15, had 
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the following: 




Figure D II 



By this time he had shifted from numbering steps by ones to numbering by tens. When he 
added a new line to HEAD for EARS, he numbered it line 70: 
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TO HEAD 

1 BOX 

2 EYES 

3 NOSE 

4 MOUTH 

5 BEARD 

6 HAIR 
70 EARS 
END 



da s« 16 and 17) Hgurlng out how large to make the hat. and where to locate the turtle to 
na vslrnA H 'J' "^"^ * experimental trie., rather than 

r ;.. u » ! ? ^'"^ ^ « once to alter the 

hI.^ !L' ^° " symmetrically located. As a re«,lt. It took him * fairly long 
lf rhi°h "5?.* »y^7«rical solution. Finally he -help«l hliMrir by drawing . dIagnwS 
of the hat and brim with dimensions marked in. to heh him locate the Lt prapwly 



Figure D-12 




Class 19 was spent working with a POLY procedure. whkh"Don.ld''i;^SSni use to draw a 

worked wha»'"HrAnT»Jl?"""'' ^ "^'^^ ^''"^ ^"^'"^ ^^e stop rule 

^^^AniNP h "^^^^''f^ ^he computer automatically comput^ the 

HF^n Nr . 'lu oT;?'"^ """'"P'" °^ ^ ^'K^***- ^« "dded a lini PRINT 
HEADING to the POLY procedure so that we couM see how this worked out in practice. 

wh!^ ?h^'n ' L ""d^^t'^ndlng of this process and was eventually able to predict exactly 
whjn the procedure wouW stop, by keeping track of the HEADING printed on the screen 

poLY^;"i;s::u'.::w" " ^ ^"^'^ "-"^ ^ - 



The final problem, during classes 20 and 21. was to add the flower to the hat. Donald 
u " procedure for the "stem" of the flower. Once again, he had the 

probim of having to vary both the size and the placement of the stem, to achieve the visual 
effect he wanted. Donald had a hard time with this, until I reminded him that the RARC 
procedure he was using had Its radius as input, and would extend exactly u high above the 
hat brim, as the number of units in the radius. He choie a rmdius of 75 (to make the flower 
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as high as the top of the hat), and only had to locate the suiting point for the stem. 

One smaH problem remained - to locate the turtle so that the POLY procedure would stop 
correctly. The POLY procedure had a stop rule that only worked if the turtle was oriented 
vertically before making the POLY. Here are his FLOWER and POLY procedures. 

TO FLOWER TO POLY SIDE : ANGLE 

10 RIGHT 90 10 FORWARD :$IDE 

20 FORWARD 35 20 RIGHT :ANCLE 

30 RIGHT 90 • 25 IF HEADING - 0 STOP 

40 RARC 75 30 POLY SIDE :ANGLE 

50 LEFT 90 END 

60 BACK 5 

70 POLY 10 100 

END 



There are some very striking things to be noticed in summarizing Donald's work. His was 
the hmgest and most "involved" project undertaken by any of the eight children in the first 
trial classes. By using the top-down mode of operation, he was able to undersund both the 
overall goal, and where he was in the process at any particular moment. Thus he was tbte 
to meet each challenge (and there were many, as we have seen) as Just one small problem to 
be overcome, so that he did not become discouraged about the whole project. 

Perhaps the most striking thing about DonaM's work was that he was not able to solve any 
of his challenges by experimenution and visual examination of the resulu. From his first 
HOUSE procedure, right through the HEAD, all the way to the FLOWER, he made use of 
analysis, combined with experimentation to solve his problems. He often needed help with 
the analysis, but h< always understood what I was showing him, and he was able to make 
use of it. Scattered throughout his notebooks are little drawings^m gn^h paper, showing 
the parts he was working on. Some drawings were made by me, some by him, and some by 
both of us. It is these drawings that tell the story of how Donald accomplished all this, and I 
present a few of them here, in conclusion. 



pictures from notebook follow: 
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Individual Profiles - Laura 



Laura got into working with LOGO very quickly. She seemed to master basic ideas of the 
language: use of turtle commands, syntax for writing procedures, using procedures as 
subproccdures. naming procedures, etc. She then worked really well for about the first 12 or 
13 sessions - after which her work bogged down a bit as a I introduced several new ideas In 
close succession, and the projects she was trying to do became harder. 

Throughout the 26 sessions, Laura had a tendency to try to learn quickly. She wanted to 
"know" the answer immediately and preferred not to ask for help except when absolutely 
stuck. She also aid not like to be observed while working. She sometimes had a dlfTicult 
time articulating her purposes in working. Whether this was due to the fact that she herself 
did not know her purposes, whether she knew them but could not articulate them, or 
whether she Just felt that they were "private" and did not want to share, is not clear to me. 
What is clear is that according to the dribble file, there were ttm^ when she was clearly 
confused about left and right turns, about the effecu of a series of steps In a procedure, or 
about error messages generated by misunderstandings about LOGO syntax - and she did 
not ask for help, or use any other thoughtful strategies for clarifying her confbsign. Laura 
often evidenced confusion by appearing bored, or by acting in a particularly "perky* 
manner. As I describe Laura's experience I will try to identify what I believe she learned 
solidly, and what she evidenced confusion about 

At the very first session, Laura showed great Interest in names and in "communicating" with 
the computer. She noticed "FOO" on the display screen, and asked T)oes the computer eat? 
It says 'FOOD'" She was also very Interested when a typing mistake put "BLT" on the 
screen, and the computer responded "YOU HAVENT TOLD ME HOW TO BLT." 
(Much later she was to say let's teach it how to BLT," and "Gary, remember BLT?" 

During this same first section, Laura had a good deal of difficulty "driving the turtle" - 
choosing correct numbers for right, left and forward. She appeared "bored" with turtle - 
driving activities, and I introduced the idea of writing a random procedure, and repeating it 
" an idea that Laura seemed to enjoy and understand - but that she never tried for herself 
when working alone. At session 5, Laura got her first chance to work alone at a graphics 
terminal. Laura worked without advance planning. She built an elaborate open ended 
design, using direct commands quite carefully, to put a recungle around a circle. At sesslcm 
6, she did another elaborate design involving many instructions, some of which had already 
disappeared from the screen before the design was complete. When she attempted Co 
"capture" the design on paper so that she could teach it to the computer, she had already lost 
some critical steps from the first part of her exptoratton. 

At the beginning of the next session, I suggested that she plan a simple design by drawing It 
first on paper, then trying it out, and then trying to teach It to the computer. Laura decided 
to make a face, and drew a simple face on paper. (See Figure L*i-) 



1". 



PAOE2 




Figure L-1 

Carrying out this project was difficult for Laura. She had not yet written any procedurfSt 
and this project needed sub*procedures. In addition; all her previous designs had been 
"planned as they went along " with Laura working In "designer nwrie" try this - then try 
that. Now she was trying out a fixed plan but she did not understand clearly enough how 
to manipulate the sizes of the elements - circles and squares, and how to locate the turtle so 
that they would be In the correct positions. She needed a tot of help from me to work 
through this project (See figure L-2) 
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Figure L-2 



I now ff.^l that this project was, in a sense an "Interuption" of Laura's "natural tear ^ng 
path." The things that she "learned" were not totally absorbed b/ her at this point Laura 
was .ilsb put in the posirton of "needing help", which continued through the next session, 
p.ntil the project was finished. On the other hands, Laura was very pleased with the result* 
and did have an opportunity to work much more carefully and critically with turtle 
manipulations. She did write procedures and sub-procedures, and was exposed to the idea 
of a superprocedure (although she never really used it again on her own!). 

In session 9, Laura went back to "designing," this time, using circles of different sizes. It Is 
interesting to note that Laura did not construct her procedure AROUND, a collection of 
din .-rent sized LCIRCLES all starting from the same point, by following a specific pattern — 
rather, Lau.a added the circles in^ a somewhat random way: Large, smaller, smaller, smaller, 
smallest, largest, smaller, smaller, larger...as if she were studying the desij^ and asking "what 
size circle would look good now?" Her procedure was copied directly from the Kreen ^ her 
notebook, and from her notebook to the procedure. She also began numbering step> by i(fs. 
(See figure L-3) 
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I next suggested that she make a symmetrical procedure with RCIRCLEs, and then put 
them both together. Following this Laura went back to more free form experimentation in 
her ^'designer" mode - try this...then see what looks good next. 

Sessf'^n 11 was one of Laura* be' ^ivs. She developed a fairly complex - but not too 
complex - design. She copied \ in her notebook, (with a little help from meX and 

then taught the procedure to the cGiii|juter. At my suggestion, Laura made one part of the 
design a sub-procedure, which simplified the debugging which was later necessary. Laura 
h9d to do a lot of debugging - mostly because she had difHcutty copying correctly from her 
notebook. She worked a lot with the ED and PO command, and I got her to compare the 
steps as writte;i in her notebook, with the steps as listed in the procedure She did not 
debug by tracing through the procedure directly, to see what each step was doing. (See 
figure L-4) 
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Figure L-4 

I have a model of Laura' working style: Try something. If you like It, copy the steps down 
In your notebook. Then teach it to the computer copying the steps from your notebook. Try 
to be careful not to make a mistake copying. > Ithough Laura now realizes that procedures 
can be changed if necessary, she does not see the procedure itself as the thing that you 
experiment with - trying it out, and then changing It to make it do what you want. (GEO 
uses precisely this second method in his work.) 

During sessions 12-22, Laura worked a lot with recursion, variables, stop rules, and a long 
language project - a "mad lib" game. She did not return to "designer mode" until session 
23, when she picked up on one of her first project ideas - making her Initials. 

Looking at the dribble files, it is clear that Laura worked on her initials by a proces of trial 
and error then wrote down the correct steps in her notebook. She did not plan ahead or 
try to think about the easiest way to do it. As a result, she wound up having procedures 
with many more steps than necessary, as she retraced her course In finishing her letter. Her 
E, made of just four straight lines, had 15 steps. (The steps were numbered as follows: 10, 20, 
.. 100, 101, 102, .. 107.) In addition, she had problems copying steps into and out of her 
notebook. I suggested stepping through the procedure after printing It out and checking It 
against her notebook. Laura did not have the idea of stepping through the procedure on 
her own, (or didn't think she could do it without help, or didn't want to bother doing It 
without help.) 

When Laura worked on her B (her last initial), she ran into exactly the same problems: 
little or no planning; poor copying to and from notebook; line numbers Increase by U 
above 100; confusion about which way to turn the turtle, LT 90 or RT 90; and especially no 
clear sense of how to debug by stepping through a procedure (playing computer), although I 
had worked on this technique with her for five classes in a row. 
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Laura missed two of the last four (b,ses (she was absent for one. «nd went on a class trip for 
another) and never completed her initials - although I believe she would have flnlshed 
them, and created a superprocedure to draw air'three. in about one more session. Laura also 
did not bring a visitor to class at the next-to-last session, when the children were given an 
opportunity to do so. 

How can we account for Laura' confusion about things that she had worked on so oflen? I 
think there are two aspects. From the beginning. Laura had difficulty "driving the turtle," 
distinguishing between left and right, etc. She is left handed, and often confused left/right. 
(In her face project, the eye on the »»ght of the drawing was called LEFTEYE which would 
have been accurate from the perspective of the face ~ looking out from the display screen.) 
She also reversed letters in spelling a lot (NOES for "nose", for example.) 

At the same time. Laura demonstrated over and over again, that she did not like to make an 
anatytica ; effort in her work. She could copy a "formula" successfully, and even have an 
Idea why" it worked, but she had difficulty in adapting it to a new situation, or changing It 
slightly. She rarely made a specific plan that she tried to carry through ~ preferring to 
erase a procedure rather than edit It, and to use CS and sUrt again with a drawing, rather 
than analyze what was wrong. She ven developed a habit of typing POTS, every time she 
wanted to make any change in what she was doing. This had the effect of displaying a long 
string of procedure names on the screen, and totally "wiping out" her previous work. (Some 
kids do the same thing by typing a string of carriage returns.) 

I believe that it is important for Laura to "give the world the impression" that she "knows a 
lot." without making a real intellectual eft^ort to learn. Along with this goes the strategy of 
hiding what she doesn't know, and when she does ask for help, only attending to the 
minimal amount necessary to solve the immediate problem - I.e. get the procedure t^ do th? 
right thing -- without concentrating on the underlying principles or debugging strategies. 

During classes 12-16. I introduced several new ideas to Laura: recursion, procedures with 
inputs, recursion with fixed inpuU and recursion with varying inputs. In classe$ 17-19 she 
worked on a long language project - creating a kind of "madlib" game, and then in classes 
19-21. she did some more work with variables - recursive procedures with two Inputs. 

In session 12 I introduced both recursion, and the use of variables to Laura. I showed her a 
procedure- 

TO TWIST 
10 LCIRCLE 40 
20RT30 
50 TWIST 

She then wanted to make TWlSTs of different I showed her how to make the site of 
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the circle a variable. She wrote: 

TO TWIST2: SIZE 
10 LCIRCLE SIZE 
20RT90 
30TWIST2SIZE 

She seemed to under^M what she was doing. Although she had introduced the RT 90 in 
line 20, she seemed rarprised that the shape of her circle design was different. She 
understood how to vary the size of the design by varying the input to TWIST2. 

In the next session (13) Laura continued lO write procedures with a variable SIZE. She 
began to show some confusions. She usually left the :SIZE out of the procedure title. She 
tried to use EDT, but used it incorrectly and disregarded error messages. She wrote m 
procedure called TO SC^UARE: SIZE, which did not use a variable :SIZE within the 
procedure. And, when copying from me, the procedure TO SQ:SIZ£, she made all the 
forward steps FD 66:SIZE, not understanding that rSIZE rephiced the specific forward step. 
Once she had the SQ:SIZ£ procedure defined correctly, she made a very exciting design 
using SQ^I, 50^2, ...S<i82. (See figure L-5) 




Figure L-S 



To capitalize on this discovery, I decided to introduce the following procedure to Laura at 
^ the next class (liY 
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TO GROWSCiiSIZE 

10 SQ:SIZE 

20 GROWSQ:SIZE*l 

However, when Laura atried to copy this, she typed: 

TO CROW SQ:SIZE 

10 SQ:SIZE 

20 GROW SQ:SIZE 

She forgot to type in the despite a very careful explanation on my part of how the 
procedure worked. Also, since she left a space between CROW and SQ:SIZE. she kept 
getting error messages when she tried to use tne procedure. She did read the error messages, 
and tried several ways of typing the procedure, to try to eliminate the error. She tried 
GROW SQ, GROW SQ^I, CROWSQ^!, CROW SQ^I KX), CROW I 100, none of which 
worked. Finally she asked for help, and I suggested she erase the procedure CROW and 
copy it over, making CROWSQ^one word. Notice that she was resourceful in trying 
different ways of typing the procedure names, but she did not look at the procedure itself to 
see what was wrong. Another example of Laura' basic working style; lots of trial and error 
no analysis! 

Later in the satie period. Laura was trying TWIST 80. TWIST 40, TWIST 300. All of these 
produced the same figure, since TWIST was a fixed Instruction procedure. When Laura 
finally asked for help, I suggested she print out the procedure and look at it - looking at it 
together we could see why it always made the same shape. Once again, Laura had tried 
different things, but had not looked at the procedure to see what was wrong. Still later in 
the period, she was making a procedure to draw a letter T for a friend, whose name was 
Tina. She made two attempts TINA, and TINAI. neither of which worked. In neither case 
did she took at the procedure and try to analyze it 

I began the next session (15) by talking to the whole group about debugging, and the use of 
PO and step by step analysis of a procedure Laura spent the period playing around with 
old procedures, trying to copy other kids procedures from the bulletin board without 
copying the subprocedures needed. aiTd in general wasting time. I Interpreted this as 
"boredom" and decided that I should show Laura a nev project. I brought this up with 
Laura. She agreed to try something new, but In hn notebook that day she wrote "By the 
way, I am not board"(sic). I now feel that she was confUsed about what had happened when 
she tried to use variables - that what she needed was more simple projects using variables 
In procedures and subprocedures. I had given Laura noore ideas than she could absorb in 
classes 12-14, and this was the message she was giving me - not boredom. 

Instead of giving Laura an opportunity to play around with things she already knew, and to 
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consolidate what she was learning about variables. I launched her into a new project: 
wrtting a program to produce Madlibs. This was a learning experience for her. ^he had to 
clarify her ideas about nouns, verbs, adjectives and adverbs and how they are used in 
English - as well as to make up a simple story, and choose lists of words that would make 
the story funny On the other hand, it presented her with a whole new set of things, to be 
confused about, as well as requiring a lot of precise typing. Although Laura was able to 
understand the language aspects of the procedure, it is unclear what she understood ab^t 
the programming required, which involved the use of OUTPUT, MAKE and a bit of list 
processmg. Laura was pleased when the project was completed - but she hadn't been able 
to do much of the* programming or understand how the procedures worked. 

If I were continuing with Laura as a student now, I have a few Ideas of how I would try to 
shape her experience to enhance her learning: 

1. I woukl encourage her to continue explorations with turtle commands. She 
still has a lot to resolve in the areas of left/right discrimination, analyzing 
sequences of steps to see their effect, and attention to deuil in copying. 

2. I would try to stress planning of simple projects like initials, encouraging 
more use of subprocedures. 

3. I wouki go back to simple applications of variables, again with stress on 
planning what is supposed to change? where does It belong in the 
procedure? what name is chosen for the variable? etc Then there would be 
examples of the use of procedures with variables as subprocedures, in both 
recursive and non-recursive situations. I do think that Laura was close to 
understanding these points - but got pres^ted with too much, too soon. 

4. One area which Laura did not really ge^ into, which might excxite her as a 
designer, is repetition of a random set of commands. 

5. I would experiment with the use of an automatic drawing procedure tike 
DRAW, so that Laura could experience success with some of her more 
elaborate designs. 

Given Laura' avoidance of "cognitive risk"; her reluctance to reveal her conftisions; and 
her desire to appear to "know** everything insuntly, she wouM always be a difficult chllld to 
teach. On the other hand, situations with more stress on ways she couM plan and predict 
outcomes, and fewer sources of confusion Introduced from outside, couM possibly help Lauft 
assimilate some of the problem solving skills which she Is now avoiding. 
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Deborah is a child who began by being extremely timid and dependent In Interactions with 
the computer She experienced great diffkultles with simple projects, and could not even 
remember to use the carriage return at the end of a line of Instructions, until the 8th class 
session Starting at the 8th session, she was encouiaged to "experiment" with direct 
commands, FORWARD, BACK, RIGHT. LEFT, CIRCLE and ARC. She was able to gain 
confidence when experimenting by limiting herself to very few commands, and to only a few 
numbers, which she repeated over and over. By focuasJng on certain numbers, for example 
90$ and 30s, which make very nice designs, she was able to produce Interesting effects, and 
gradually learned to write procedures, to leach the computer to draw the designs she liked. 

By the end of the series cf classes she had created some unusual designs which won praise 
from her classmates, had carried out (with some help) a major project requiring the use of 
planning and subprocedures, and had a strong confidence in her ability to use the computer. 
She had invited both of her parents to visit the class, and they remarked to me that this was 
the first time that Deborah had been excited about anything In school Deborah's teachers 
report that she has also become more assertive In class, has asked for extra help after Khool, 
etc. 

I believe that the key to Deborah's success was her own strategy of limiting her options to a 
very few choices, gradually expanding the choices as she became comfortable with the 
familiar ones During class 8, for example, she limited her exptoratlons almost entirely to FD 
?0, BK 30, RT 30, LT 30 and PARC 90. Notice how "convenient" the number 30 Is for such 
explorations. RT 30 repeated 3 times makes a right angle. Since RARC 90 makes an arc of 
radius 90, and Deborah discovered quickly that repeating RARC 90 four times makes a 
circle, Deborah was able to make designs that had overlapping circles, all of radius 90, 
separated by multiples of 30. Using this approach, Deborah was able to produce pleasing 
designs l)y accident" without going through some of the struggling that other children do, 
who use a much greater range of variables, and who engage In a lot more planning than 
Deborah did. 

I use the words "convenient" and "by accident" to describe Deborah's fortuitous choices, 
because I have no idea why Deborah chose those numbers rather than numbers like 99, or 
100, which many children choose for their Initial explorations, t can only say that 
throughout her work Deborah seemed to have a "knack*' of making choices that worked out 
well. 

For the first 8 classes, Deborah had been compulsive about getting correct results. She 
needed absolute assurance on each step, and wouM not even write In her notebook, without 
first writing on scrap paper, asking me If It was correct, and then copying it In her notebook. 
She was a fairly accurate copier, which was a boon to her later work. Deborah worked for 
most of the first seven classes on a "project" of making the computer draw her Initials. Since 
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this design had to be "correct." the "compulsive result getter" In Deborah would not allow 
her to make a single mistake. So. doubting her own ability, she had to ask for help on every 
step - even Including when to push the carriage return key. 

Once she got into "experimenting" mode, however, the compulsive need for success was 
eliminated, and Deborah began to feel really successful "without really trying". Deborah 
brought her copying skills Into play, and developed a good way of writing procedures. Once 
she had a design she liked, she would look at the terminal, to find the last CS command on 
the screen. Then she would copy into her notebook, ajl the steps following the CS. If she 
accfdently had a LT 30. followed by a RT 30 to correct it, she copied both, choosing to 
exercise no Judgement as she copied. (By contrast. Laura often exercised Judgements in 
kaving out unnecessary steps when she copied, and often made errors, leading to very 
perplexing bugs.) I ihowe^ her how she could put a title at the top of her list of Steps, 
number each line, put the command END at the bottom, and copy all that, back Into the 
terminal. 

Deborah did sometimes make some mistakes In copying. When she did, she had two ways of 
checking: First she checked that the steps on the screen were.copied correctly In her book; 
second, that the steps In her book were copied correctly in the procedure. A common 
repeated error was leaving out line numbers when typing the procedure. She could correct 
this herself, however, by retyping as much of the procedure as necessary. (She always 
incremented line numbers by Is. until near the end of the classes.) When Deborah made a 
mistake, she would say "I goofed." In a wistful voice, and ask for help or reassurance. 
GraduaJly she came to realize that she had ways of fixing Voofs" by herself, and began to 
need help less and less. I noticed an interesting use of language. Vfhm Deborah was 
experimenting freely, she would say "I m Just goofing around " I'm sure there's some 
connection in her mind between the two uses of "gooT. 

My approach to teaching Deborah was to show her no more than was necessary to help her 
accomplish her purposes I showed herJD and PO to help with editing, and very little else 
for a long time. I wamfd her to feel In control, and since she was carefully Umitln^ the 
choices available to her. I did the same. At one point, when she was trying to repeat a series 
of steps. I showed her a model of recursion - which she promptly rejected, and went back to 
laboriously repeating the sequence of steps. I considered it crucial that she have the 
opportunity to reject any and all of my suggestions. When I "guided" her Into a "simple" 
project In the early classes, she was paralysed by the need for success, and I was stuck ainwst 
literally "holding her hand " In a way that perpetuated her dependence. I continued to make 
suggestions, which she was free to accept or reject. 

Deborah revealed some remarkable strengths in her work. She had the ability to limit her 
choices, and to experiment comfortably In a selMimlted world. She could reject well 
meaning suggestions as to how to Improve her work In favor of ways that she was sure of. 
She repeated successful activities over and over again until she was really secure with them, 

1!. 
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and ready to extend her world. She was able to accept suggestions when appropriate for her 
- provided that she had control of whether to accept or reject them. 

I wonder how often Deborah's working style has been understood as a strength by adults, 
teachers and parents, who have tried to shape her learning. 

I would now like to describe some of her work in more detail. In session 9, Deborah 
experimented more with repeating angles: RT 30, 9 times, and RT 40, 7 times. Notice that 
RT 30, repeated 9 times, produces a left turn of 90 degrees. She also used other inputs 
almost all multiples of 10. At one point I noticed she was experimenting with arcs, and 
increasing the number each time. I suggested she start with a :mal1 number, keep increasing 
it, to make a spiral. She accepted this idea (notice it grew out of her own work), smd created 
a spiral which she liked, and taught to the computer as SPYRO. Her first procedure after 
completing her initials. (Figure De l) 

^ PRRC 20 
? PARC 20 
PflPC ?0 
4 PRPC 19 
? PRPC 40 
^. PflPC 40 
7 PflPC 50 
P PflPC 50 

9 PftPC 60 

10 PflPC 60 
jl PflPC 70 
12 PARC 70 
j? PflPC 00 
14 PflPC 80 
35 PflPC 90 
i^F PflPC 90 
17 PflPC 100 

PflPC 100 
jQ PflPC 100 
^'fi PflPC 10 

Figure De-I 

During session 10, she did some more work with repetition of angles: RT 30, 9 times (270); 
RT 30, 6 times (180); RT 40 3 times (120); *and other combinations: RT 40s and RT 30s, RT 
40s and RT 50s. At one point she did RT 40 RT 50 RT 60 Rt 30 (180). At the end of the 
period she began to use small steps, and small numbers to make a drawing of a '*man'*. She 
liked the final product, but it had too many steps for her to fxtpy successfully. She didn't 
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even tiy At the end of thf peiiod. Deborah and Lauia showed each other the!.- work. This 
wa^ rh^ fii^t time this had happened since the beginning of the sessions Deborah was 
absent for the next three clas^eji' 

Deborah picked up in her work right where she left off. She began by making a design Co 
draw "eyes" (See figure De-2a,) The design was created by repeated RARC 90. four times, 
followed by four LARC 90s, foltewed by four RARC 40s and four LARC 40$. Wfien she 
copied the steps from the screen Into her notebook, she copied an extra RARC 40. so Chat 
when she copied from her notebook, her procedure had a bug in It, which produced a 
drawing that had the fourth circle out of place. Deborah looked sad and said *t goofed * I 
clarified with her that to make a circle required four arcs (she "knew" that), and we stepped 
through her procedure, and found an extra RARC 40 on line 13. I shoed her how to use 
ERL 13 to eliminate it from the procedure. Now EYES had the desired result (See figure 
De-2b) ^.-^^ 



Figure De'2a 




Figure De-2b 



PAGES 



The important thing to notice here is that Deborah would not have been able to debug in 
this way on her own. She might have given up, or, if she had wanted to persevere, I believe 
she would have cleared the screen and started the whole process again with direct 
commands, copying the steps, etc. She had not developed a sense of the relation between her 
procedure, and the list of steps that caused it, as a series of separable independent entitles, 
that could be looked at and analysed one by one. 

Later I did suggest that she teach the computer to mak€ a circle - which she did, by using 
four R ARC 90s Still later, she made a kind of "cross" using SC^UARE - as a subprucedure 
She knew, without any trigils, that she had to use RT 90s and FD 30s to make a design 
using SQUARE (See figure, De-3). 

A kind of "subprocedure" consisting of SQUARE, RT 90, FD 30, was used to make 
SQUARES 2, 3, and 4, but Deborah didn't see this. At one point she used RT 90 four times 
in the middle of the process. For her, each of those four steps was as Important to the 
product as any other steps. 
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Figure De-3 



In session 15 I suggest she work with her CIRCLE procedure, and try CIRCLE, RT. 
CIRCLE RT, to make a design. She tried this and chose to turn right 60 after each 
circle, calling the resulting design FLOWER. (Another one of her serendipitous choices? 
She had not used the command RT 60 since class 10.) (See figure, De-4) 

I also tried to show her how to write this procedure recursively, but she wouldn't try It 
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FLOWER 

^ Figure De-4 

In session 16 she began to develop a project Idea. She made a drawing of a rabbit (See 
figure De-5a). but then said. "It's too hard." I suggested a modification, using a square head, 
and triangular ears, that I thought might be easier, although I though* that It would be 
dtfTlcult for her as well. (See figure De-5b) 




Figure De-5a Figure De-5b 

In session 17 Deborah began working on the rabbit (square version). She got as far as 
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tuiilding a square using FD 70, FD 60, to make a side of length 130 She repeated FD 70, FD 
60. all around the square She then moved up the side of the square to make the eye$. 
Then she got confused, cleared the screen and tried again. When she hit a snag again, she 
cleared screen again, and went on to another project - rotating her FLOWER deslfirn'and 
repeating it 

In session 18. Deborah watched a film which showed a number of computer designs. Among 
the designs shown was a six pointed star. Deborah came right back from the film, to class, 
and drew a six pointed star with the computer, without making a single mistake. She began 
by turning the turtle RT 30, and proceeded to draw the star by using a combination of FD 
70s, and RT 60s. Again, her choice of RT 30 for the first step, and RT 60 for the turns is 
absolutely correct. Her strategy was to move the turtle forward 70, and then repeat RT 60 
until the turtle was aimed in the right direction. The totals needed are RT 120 at the points, 
and LT 60 at the inner vertices. Deborah achieves the LT 60 by repeating RT 60 5 times. 
I don t believe that Deborah realized that she was always repeating RT 60 two times and 
five times. At each point, she just kept turning the turtle until it was pointed In the right 
direction At one point. Deborah missed the correct direction, and continued repeating RT 
60 for a total of II times until the correct orientation was achieved. 
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Figure De-6 




I decided to suggest that I knew an "easier" way for Deborah to teach the computer how to 
make the star, than to cooy 11 the steps (I had noticed at least one error in the steps copied 
Into Deborah's notebook.) I suggested that Deborah teach the computer how to make one 
Eolnt, and then repeat that to make the star. Deborah accepted the suggestion, and taught 
the computer: 
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TO TRYANGLE 
I RT 30 



2FD70 
3 RT60 
4RT60 
5FD70 
END 



Since TRYANGLE included the first step, RT 30, it could not be used as a subprocedure, 
which Dianne noticed when she tried to use it. I removed the extra step for Her, and 
reminded her she had to have the step RT 30 first. 

After Deborah had drawn the first TRYANGLE correctly. I asked her what command she 
had to give |^ turtle next. ^Se looked at the situation carefully and after some time, said, 
LT 60« We trfed it and it worked. After that, she was able to build the star by repeating 
TR YANGIE. LT 60. for a total of 6 points. Deborah's procedure. STAR, copied from screen 
to notebook and from notebook to screen, consisted of RT 30. followed by 6 repeats of 
TRYANGLE. LT 60. (See figure De-6) 

In session I? Deborah came back to the Rabbit again. This time, she chose FD 90. FD 30 as 
the commands to make each side. After several tries, to make the eyes and the nose, I 
suggested breaking the problem into parts* and teaching each part to the computer 
separately Deborah agreed to this, and we decided that the should teach the outside of the 
rab^>it first She couKl not think of a name for this, and finally decided to call It HAT (?). 
In copy!ncr |he made a mistake ano left out a step, which I had to help her debug. (See 
figure De-7a) t i — i 



In session 20, Deborah added the eyes to the head, calling her procedure LITTLEEYES. 
When she began to teach TO LITTLEEYES to the computer, she wanted to include, all the 
steps folowing CS. as usual. I had to stop her from including HAT as part of 
LITTLEEYES* and explained that HAT and LITTLEEYES were both part of RABBIT, 
but that HAT should not be parr of LITTLEEYES. 

Her "luck" held in choice of dist nces for placing the eyes. Since the sides of the head were 




Figure De-7a 



Figure De-7b 
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now 120 units long, and since she moved the turtle across the head In units of 30, she wa$ 
able to center the eyes with no difficulty. (See figure, De-7b) 

In class 22, Deborah began to work on the nose, and got really stuck. She had two different 
things she was trying to resolve How to make the nose, and where to put It. I suggested 
that she separate the two parts, and make the nose all by Itself -- forgetting about the rest of 
the rabbit for the time being Then, once a good nose had been made, she could work on 
placing the nose <-i the right position. 

Deborah p'anned to make the nose as shown In figure 5. I showed her how to do this by 
starting with RARC, turning the turtle all the way around, coming back to the beginning 
using LARC, and then reversing the whole thing to make the other side. Deborah 
understood the Idea, but needed help working It out. To turn the turtle around, Deborah 
tried RT 90. then tried RT 90 again (at least It wasn't six RT 30s). Whenever she needed to 
turn the turtle around she used RT 90. RT 90. (See fifure, De-7c) 



HAT 

LITTLEEYES 



FACE 





Figure Dc-7c 



RABBIT 

Figure DerTd 



Later, when she began to make her ear, she again demonstrated her uncanny accuracy in 
choice of Inputs. She had moved the turtle to the top of the rabbit's head. Her steps to 
make the first ear were: RT 20. FD 90, RT 90, RT 30, RT 20, FD 70, FD 20, RT 90. RT 20. 
This leaves the turtle facing back along the top of the head, having turned through a total 
of 270 degrees. Deborah achieved this ear In three tries. The key decision was how far to 
turn at the top. Having turned Rt 20 at the base of the ear, a turn of RT 140 was needed to 
make an Isoceles triangle. In Deborah's first try, she turned RT 90 four times, then RT 90. 
RT 30. Rt 30. for a total of 150 degrees. She then had a hard time lining up the far end of 
the ear with the top of the head. Her second try was RT 900 (mistake), followed by two Rt 
90s, to straighten It all out again, followed by Rt 20, RT 20, RT 20, for a total of 150 degrees 
again. Once again, she had trouble lining up the far end. On the third try. she turned RT 
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90, RT 30, RT 20. which made exactly 140, which made It easy to line up the far end of the 
ear, which happens to come out almost exactly at the far end of the head. At this point. 
Deborah wrote out all the steps, and said "I can do the same thing on the other side. 
Should I give t_hl$ a name?" 

At the next session (23). I helped Deborah separate the steps that made the ear, from the 
steps that set it In position. In this way. she could use the same subprocedure. which she 
called EARS, to make ears on both sides. Her final scheme for completing the RABBIT is 
shown in figure De-7d and figure De-8. 

It was in clas> 23. that Deborah rejected help from me Indignantly at one point, asserting 
loudly "I know what Tm doing!" In class 24. she completed the RABBIT procedure. 

I'd like to try to list the things I believe Deborah learned during the RABBIT project. This 
Includes both Ideas that she mastered, as well as ideas that she encountered and used, but 
hadn't yet mastered. 

"first and foremost - the l(Jea of using subprocedtir"3; that a large project 
can be broken down into a group of small projects. j 

•-that using subprocedures can have two partt, drawing the object (nose, ear) 
and locatmg It. and that the same subprocedure (ear) can be used in more 
than one place. 

-that a superprocedure can be made to combine all the subprocedures, and 
that the superprocedure can be a kind of "plan" for doing the whole project. 

-that with patience, even complicated problems can be worked out by step by 
step, trial and error (location of nose, location and shape of earsL 

- that 90. 30 and 20 are really good number* to use in combinations (In her 
entire RABBIT procedure Deborah used a totai of 75 procedural steps, n\o%i 
of them forwards, rights and arcs. She used the following inputs: 90 (22 
times); 20 (19 times 14 for arcs); 30 (8 times); 70 (3 times); 3 (3 times); and 
60, 50. and 12 I time each. 

- for the first time, she developed complete confidence in her ability to 
understand what she was doing: "I know what I'm doing!", despite frequent 
"goofs". Perhaps this was really the most important learning for Deborah - 
not Just to be In control of a learning environment, but to know she was in 
control, to feel a sense of mastery. 

In the next session, 25. Deborah worked on making a rotated square. It seems apparent from 
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her comments, that a ''squared rotated, Is no longer a "square**, but rather a "diamond*. 
When Deborah taught DIAMOND to the computer, she included RT 40, and then m series 
of steps to make a square. Clearly the RT 40 was part of the diamond, rather than "the 
amount you turn the turtle before making the diamond " 

Later I showed her how to make this procedure repeat by using GO, and she made another 
repeating design with her SQUARE procedure and a turn of RT 4, using GO. Thus, 
having finished the RABF.T - a project that lasted for two weeks, with some time out for 
other work — Deborah was ready to learn something new 



Individuai Profiles; Monica 



Monica started off in LOGO with a burst of enthusiasm and confidence. She had a very 
good sense of turtle state, right from the beginning - an intuitive sense of where a figure 
would be drawn, a good sense of how far to turn. She was fascinated by the process of 
making a figure, rotating it, and repeating the process over and over. She easily adopted 
the use tf simple recursion to do this, and created many different simple projects of this type. 

As the classes went on. Monica limited most of her work to this particular mode, and had a 
hard time getting beyond it Almost all her work was In the style of "figure, turn, figure, 
turn " She learned to use variables, to make the figure turn different amounts, and had 
some exposure to slop rules, which she didn't quite master. What Monica did not do was get 
into long term projects of any kind, or show much initiative in breaking out of the "mold" In 
which she had placed herself. 

Monica had a very close relationship with Kathy. the other girl in her class, (According to 
their teacher, they do not have a close relationship outside of the LOGO classroom.) The 
two girls often consulted together, borrowed ideas, worked on the same, or similar projects, 
and asked for and offered help to each other throughout the classes. Their relationship was 
normally quite "mutuaf with a lot of give and take, although leadership shifted back and 
forth. On different occasions, observers who came for a one shot visit observed: "teacher- 
student relation between Monica and Kathy. Monica tells Kathy what to do and Kathy 
always goes to Monica to make sure she has done it right./ or. another time: "Monica was 
at a loss as to what to do with herself... at la^t Kathy arrived. K?thy found a worksheet for 
her ..(she) got upset, panicked and ran to Kathy for a new thing to do." Another observer: 
"K and M work together very constructively - each on top of things, making suggestions". 
This last observation corresponds most closely to my sense of their overall relationship 
throughout. (See notes on Kathy pages 3 and 4). 

As the classes went on, Monica tended to have fewer ideas of what she wanted to do. She 
would borrow ideas from Kathy. from the bulletin board, or from a booklet of projects, often 
copying carelessly, by rote, not thinking about what the steps were supposed to do. Monica 
did not have much of an inclination plan, to think ahead, or to debug her work. If 
something didn't work out the way she wanted it to. she would often Just forget about it, 
leaving a bunch of useless procedures in her file, along with the good ones. Usually she did 
not ask for help. Although she had been shown how to ose ED to change proced\ires at an 
early point, she rarely chose to use it. until late in the series of classes. Her procedures 
tended to be short and simple. If they didn't do what she \vanted, she'd forget thenfi. 
During the last few classes, Monica expressed an interest in debugging a rather lengthy 
procedure, her HAT procedure, that drew a Christmas tree, so that the stump would be 
''straight" She wanted to change it from: 
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This was her first real Interest In any procedures longer than a few lines thai did not simply 
repeat a few fixed steps. 

1 spent alDOUt 20 minutes working with her on it. using ST'EP to isolate the lines that needed 
changing. The following class was "visitors day", and Monica never got back to finish the 
project. 

Monica's use of names was erratic. Her "HAT" made a "phrlstmastree" BOX, TRI, BUS, 
BUSWHEEL. BUSWHEEL2. HOUSE. HOUSE4. related to specific objects; HORSE, 
w6w. WISHWOW. BOODLE. HOTHOUSE, were fairly random. She seemed to have 
difficulty choosing names, as she had difficulty chosing projects. 

Monica kept thorough notes of her woik by writing down every procedure in her notebook, 
either before or after trying it out. 

Durmg the first few classes, when the group of four children worked together, Monica 
demonstrated a good understanding of turtle state. By considering where the tcirtle was, she 
was able to predict where the next procedure would occur. This was especi.^lly useful, 
because the projects that . the children were doing involved making designs with squares, 
using a BOX procedure. In the sixth class. Monica and Kathy worked together, putting a 
BOX and a TRIANGLE together to make a HOUSE Monica had a very strong sense 
(much better than Kathy s) of how much to turn the turtle, to get the two figures to line up. 

On the other hand, when Monica tried to make a triangle, she had great difficulty 
separatmg the different variables. She worked steadily for an hour, trying to make a 
triangle that would close. Her problem was. that she worked without an effective system. 
She had to deal with five different variables (three lengths and two angles). She had a hard 
time fixing on which one to vary, and so. kept getting close to a solution, only to have her 
next attempt produce something quite different. She used two different strategies as she 
worked, and kept switching between them. She got iquite confused about what was 
happening, and never succeeded in getting the triangle to close I was very impressed with 
how doggedly she stuck to the task and how close she came to a solution without actually 
getting one 

In the seventh class. Monica copied a triangle procedure which was state transparent, (FD 



PACE 3 



TZl '''"^''^ I '"^ '° experiment with the effects of putting rotations 

each oth"? ' ' °' '^'^"^'^ ^'ff"-' o" top ot 

Next time. 1 suggested that she give a name to a definite series of rotations. I suggested that 
LT 40 ( J '"^ ' °' """" °^ ^"^ - -T^^O of repeTs oTtRI 

about mal. ''rH" P^"'°"* ""^""ood 'dea 

defmed thrPe^Pw T ' P'^"*^"^*' '^"^ ^PP^"^^** ^" » «>lt different She 

aerinea thiee new prcKedures 



TO TRI4 

1 TRI 

2 LEFT 90 
^ TRI 

4 LEFT 90 

5 TRI 

6 LEFT 90 

7 TRI 
END 



TO TRI42 
I LEFT 40 
2TRI4 
END 



TO TRM42 

1 TRH 

2 TRH2 
END 





TRH 



Figure M-l 

Most of the rest of the period, was devoted to a lengthy series of repeat! of TRI. LT 10. 
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Monica's plan was to compiete a circle of these with this shape, and then to'teach it to the 
computer as a procedure. After 13 repeats, a half circle was completed, and Mon ca 
concluded that 26 repeats would produce a full circle. At this point. I introduced recursion 
to Monica, as an "easier" way to accomplish what she wanted to do. She Understood the 
idea, and used it to make. 



TO FAN 
ITRI 

2 LT 10 

3 FAN 
END 

and FANBOX, which combined a procedure made from four BOX procedures, with FAN, 
to make FANBOX- (figure M'2). I also showed her how to add a stop rule to her FAN 
procedure, but here she did not underiUnd, and made no attempt to uw • Hop rule tt this 
point. 




TO lANHOX 

2 yyu 




FAN 



FANBOX 



Figure M-2 



Late in thf period Monica copied another child's procedure from the bulletin boardL 
Because she mlscopled the title. (It should have been F002, Instead of FOO). Her FOO 
has no graphic effect, but produced a "NO STORAGE LEFT." error message. 
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TO FOO 
10 FOO 
20 FOO 
30 FOO 
40 FOO 
50 FOO 
60 FOO 
70 FOO 
80 FOO 
90 FOO 
100 FOO 

no 

120 FOO 
130 FOO 
END 

Tnis was a departure for Monica. Usually she had tried each step of a procedure, then 
taught It to the computer. Here she copied a procedure verbatim, withobt realizing that she 
also needed the subprocedure. FOO. and without checking to see that FOO Itself worked. 
At this point she did not ask for help, or try to debug FOO In any way, but went back to 
previous explorations 

In classes 9 and 10. Monica continued to work in ways which were becoming a definite 
pattern she did more work along the line of THING, rotation. THING; she also did not 
debug procedures with errors, and ignored procedures which did not do what she wanted. 
During class 10. she copied some more procedures from the bulletin board, and from a 
project book. Most of these procedures did not work, either because of errors In copying 
(like to mistake she had made with FOO) or because she did not pay attention to the 
subprocedures needed In each case. 

Monica recorded some of her difficulties in her notebook, without any attempt to analyze 
them: Today I made a DOODLE., and I tried two DOODLES but it wouldn't work out 
too well and I tried to make a slinky." 

TO DOODLE TO SLINKY 

10 DOODLE 10 CIRCLE 

20 DOODLE 20 FORWARD 10 

30 DOODLE 30 SLINKY 

iO DOODLE £ND 

END 

In going over the dribble files for these classes, I realized that Monica was not looking 
carefully at what she was doing; that she was not editing or debugging; that she was 

1 
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following certain pattern* blindly without thinking about them; and that she had run out of 
ideas for projects. I decided that for the next class I would prepare a list of buggy 
procedures, discuss each procedure with Monica (and Kathy. who was having similar 
probleoisX and then have them try out the procedures to see what the computer would easily 
do in fach case. I had two major aims in doing this: first, to get the girls fo notice and 
focus on the messages sent by the computer In buggy situations. Second, to get them to 
understand some of the particular kinds of bugs that they were experiencing. 

Following this lesson, I noticed that Monica w doing some debugging, but that she was 
still having difficulty understanding how to use ? EDIT command (she was following th€ 
ED command by a line number, rather than a procedure name). We worked through one 
problem together, using PO, ED, and analyzing the procedure step by step. In this way, I 
hoped to give Monica a model of how she could work in other situations without help. 

In class 13, I introduced both Kathy and Monica to the Idea of variables, by giving them a 
variable square procedure, SQ:SIZE. I had also made up a little sheet of possible project 
ideas Monica and Kathy both chose to make a bus (figurf M-3). 



Monica worked on the bus for parts of two periods Once again, she had problems editing, 
editing the line, rather than the procedure. For example, her buswheel procedure was 

TO BUSWHEEL 

1 BUS 

2 LT 90 

3 RCIRCLE 
END 

When she ran BUSWHEEL. she got the error message; "RCIRCLE NEEDS MORE 
MORE INPUTS AT LEVEL 1 LINE 3 IN BUSWHEEL." Her response was to type ED 
RCIRCLE Clearly she was reading and Interpreting the error message, and using the 
information to try to debug her work, but she did not understand the proper use of EDIT. 

Another bug surprised me She ha*ir problem with the turtle state, In aligning the wheels 
properly Her debugged procedure was 
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TO BUSWHEEL 

1 BUS 

2 LT 90 

3 RCIRCLE 10 
END 

when used to make a complete bus: 

TO BUSWHEEL 

1 BUSWHEEL 

2 RT 90 
3FD60 

4 RCIRCLE 10 
END 

nukes a bus with a bug, shown in figure M-3. 





BUSWHEEL2 



TO flUSWHEEL2 

1 BUSWHEEL 

2 RICBT 96 

3 rORWAIU) 66 

4 LCiaCLE 16 
CUD 

TO BU8VHEEL 

1 BUS 

2 LEFT 90 

3 RCIRCLE 16 
ElID 



TO BUS 

1 SQ 40 

2 LEFT 96 

3 SQ 86 
ElID 



Figure M-3 

Either Monica did not notice that the wheels were at different levels, didn't feci It was t 
problem or didn't want to bother with It. She Ignored it deciding that the project was 
completed She went on to other work, going back to her old pattern of procedure, rotation, 
procedure, to produce some more nice designs (see, for ewimple, figure M-4 for a way that 
Monica used her BUS procedure In a more familiar mode.) 
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4BUS 




TO BUS 

1 SQ 40 

2 LEFT 90 

3 SQ G0 
END 



TO 4BUS 

1 BUS 

2 nus 

3 BUS 

4 BUS 
END 



STAR 



TO STAR 

1 4nus 

2 RICUT 40 

3 4BUS 
END 



Figure M*4 

In the next three classes (15, 16, and 17) she continued to use the r^ation idea, sonnetlmes with 
recursioni to make procedures like: 



TO DESIGN 
I STAR 
? RIGHT 40 
3 DESIGN 
END 



TO DOG 
I BOX 
2RT70 
3 DOG 
END 



Her projects were short, and she did not have to edit. She did borrow one long procedure - 
Kathy s XM ASTREE, which Monica decided to call HAT In using this procedure she did 
have to edit, and asked me to help with the EDIT command. 

Although Monica had been using rotations to produce designs, it was very obvious, that she 
had not developed any particular sense of the effect of using particular angles. She had 
used rotations of 10, 20, 40, and occasionally 70 or 90 degrees in her designs. Although she 
did seem to prefer "dense* designs, she seemed to have no way of predicting the effect of 
using a particular angle, or the sense that certain "speciar angles might produce nice designs 
that '^closed'* in a predictable way. 

I decided to suggest that Monica write some new procedures that used a variable angle, so 
that she could experiment with the effect of changing the angle I showed Monica a couple 
of models like V 



ERLC 



PAGE 9 



TO SPINBUS : ANGLE 
10 BUS 

20 RT :ANGLE 
30 IF HEADING -OSTOP 
_ 40 SPINBUS ANCLE 
END 

The use of the stop rule, was another suggestion of mine, to help Monica focus on when the 
design was "complete" Monica used this model lo define procedures that would rotate her 
HAT .lAtocedure. her WOW procedure (a series of nested squares) and her HOUSE 
pro^edur^ 

In typing these procedures, Monica had some difficulties with syntax. She usually left out 
the :ANCLE in the procedures title. I showed her how to use EDT. Now she was ushig ED 
properly, but stUI had difficulty with EDT. She did, however, correctly interpret the error 
messages, and debug the procedures on her own. 

In class 21. I asked Monica to choose one of her procedures, and experiment with varying 
the Input, keeping records of the results. She chose to use the procedure 



which rotates a bunch of nested squares, (figure M-5) 

She kept meticulous notes in her notebook, describing what the shapes looked like, how they 
grew, and comparing them with similar shapes. For example: 



"WISHWOW 160 looked the same as WISHWOW 40. It had thin cones and 
there were 9 of them. 

WISHWOW 165 had thin webbed cones and you couldn't really see them that 

good. 

WISHWOW 190 had cones but they looked like they didn't close up. And it 
was fatter than other ones. It had more squares and cones. The cones were 
thin. And close together. 

WISHWOW \b. WISHWOW 90. These 2 look almost the same but 
WISHWOW 45 looks tike it goes twice around instead of once And the cone 
shaped things on the sides are bigger than the WISHWOW 90 ones " 



Class 21 turned out to be the last time Monica actually worked on a project. Clearly, ^he was 
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naking some iniereSiing "discoveries" about angles. If she had gone on. I would have 
suggested that she compare two procedures - for example, WISHWOW and SPINBUS. 
with the same inputs I would also have suggested comparmg other inputs which Involved 
simple rations (as she had already done with 45 and 90). I would have suggested some kind 
of chart to help organize the information she was gathering. All these things would have 
allowed her to consolidate her discoveries about angles 

At the end of the period, Monica expressed Interest In fixing" the chrislmastree (sec Figure 
M-6) We began to work on this project as well. If Monica had returned to work on this 
one, I believe that she would have solidified her Ideas about editing and debugging, and 
could have developed a stronger sense of the "step-by-step" working of the computer. 

r.ecause each of Monica's individual "projects" had been very short and simple. Monica had 
not developed a sense of urgency about "finishing" any of her work before the end of the 
series of classes Although [ can see how some important continuations, consolidations and 
clarifications could have occured during the next few classes, I believe that Monica had no 
such sense of rontinuity Although she probably would have enjoyed continuing, she was 
also quite content to stop her work at this point. 

Throughout the classes, Monica seened to be most comfortable learning by direct Imitation 
of examples or models supplied In this way she learned to write procedures utilizing simple 
recursion, variables and stop rules. If the context was shifted, or a small mistake led to a 
bug, Monica was often stuck She usually chose not to analyze her mistakes, nor did she 
undertake long projects requiring advanced planning, or a large number of subprocedures. 
Near the end of the series of classes Monica gradually began to be comfortable with editing, 
and to understand how to analyze a. procedure In a step by step fashion. 

Monica's investment in any particular project was slight - she could easily discard It without 
debugging if a problem occurred, and go on to a new activity, which might prove succesful. 
She had a large number of small procedures, which allowed her to feel successful most of the 
time she was working, without having to confront her confusions. Her dribble files show 
numerous ideas sidetracked without debugging - and apparently without any strong feelings 
of tl.sappointment In this way. Monica was able to function comfortably In an environment 
which was more complex than her understanding of it. When she did successfully assimilate 
a concept (as she was beginning to do with editing and debugging) she did not look back to 
old problems, to see if she could solve them now with her new tool. Rather, she 
unselfconsciously applied the new idea to \ hatever new problems arose. The old problems 
had been conveniently forgotten 

It is possible that Monica would have benefitted from being able to use a carefully designed 
set of worksheets structured to lead her from one concept to another with many small 
projects along the way 
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Individual Profiles; Kathy 



From the very beginning of the classes^ Kathy displayed a quiet confidence, and competance 
in using the computer Although not very assertive in the early group sessions, she seemed 
to have an excellent understanding of basics right from the start 

Kathy was extremely comfortable, with giving and receiving help. She often helped other 
children with the use of disks, particular elements of the LOCO language, Ideas for projects, 
etc She was also quite willing to ask for help when she needed it. both from the teacher 
and from classmates, especially Monica. In this way. Kathy was able to make steady progress 
in her understanding oi LOGO, in her ability to conceive and carry out projects and In 
problem solving skills 

Kathy enjoyed working with concepts, rather than simply with practical results. Kathy was 
the only student among the first eight to persevere in making the computer draw a circle. 
We spent a lot of time, talking and playing turtle, until Kathy understood that she could 
make a circle by repeating FD 20, RT 20. over and over again. She rejected the Idea of 
accomplishing this with recursion (although it would have been quicker), because (I believe) 
she was trying to follow through with her own idea of repeating each step, step by step. She 
did accept the idea of combining several of the steps into a subprocedure, and then 
repeating the subprocedure to make a circle. When her final result, SHELL, eventually had 
too many steps, and went on past the closing point of the circle, she was satisfied with It 
She knew that she could have modified her circle to make it close exactly. What she had 
been concerned with was whether thc^ircle would close at all. When it did. she was satisfied 
that she had solved her problem. 



6 RIGHT 20 

7 FORWARD 20 

8 RIGHT 20 

9 FORWARD 20 

10 RIGHT 20 
END 

This is typical of Kathy^s approach She developed a concept of what she wanted to do. 
She asked for help when she felt she needed it. She listened to the various suggestions, and 
selected ^rom them the ones she wanted to follow, in accordance with her own understanding 
of what the problem was about Whatever approaches she used in her problem solving, she 



TO ROUND 

1 FORWARD 20 

2 RIGHT 20 

3 FORWARD 20 

4 RIGHT 20 

5 FORWARD 20 



TO SHELL 

1 ROUND 

2 ROUND 

3 ROUND 

4 ROUND 
END 
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learned While she often asked for help, she did not need to ask for help in those areas 
again 

Kathy was comfortable initating ideas for projects, and borrowing them from others even 
copying procedures directly from a booklet or bulletin board. She quickly learned that direct 
copying often led to unexpected problems, and she became more careful with her borrowing. 

Kathy and Monica worked together a great deal (See notes about Monica) Both of them 
were interested in small, short-term projects, with visually pleasing results. Both depended 
on their mutual sharing a« a source of ideas, help and reassu. :e. Although they often 
worked on the same tasks, they usually worked separately. Theii approaches, and results, 
were different Kathy's favorite activity was aking a^rocedure and repeating It. Monica's 
was repeating a ^rocedur.- and putting a rotation after each repeat. For example, Kathy 
borrowed a pro\.edure of Marilyn's called HORSE in which the computer repeated the 
instructions, BOX. RT 20, five times. KaiNy changed and elaborated it as follows: 

TO HORSE 

1 BOX 

2 RT 70 

3 BOX 

4 RT 70 

5 BOX 

6 RT 70 

7 BOX 

8 RT 70 
END 

and she repeated it, using 

TO BARN 

1 HORSE 

2 HORSE 
i HORSE 

4 HORSE 

5 HORSE 
END 

Kathy made BARN, after repeating HORSE several times by direct command and deciding 
that she wanted to repeat HORSE exactly 5 times Although she could have used recursion, 
she chose to limit her repeats to exactly five She also called her new procedure BARN, 
introducing the mnemonic device "a barn is a group of horses " Once again, Kathy was **ln 
charge" of what happened, using the cliche idea, "repeat a procedure over and over," but 
keeping control of both the process and the end result. She chose not to use recursion - I 
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think becau<ie she wanted to retain control (figure Ka-I). 





HORSE 



Ftgure Ka-I 
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Thus when Kathy and Monka worked on limllar tasks, each child brought her own specific 
knowledge, experience and ''bag of tricks" to the project; and came out with a result that 
made her feel successful Looked at In detail, we see that the girls actually functioned quite 
differently, and what each of them learned from the project was probably quite different I 
don't think there was any great significance to the choic^ of angle (20 degrees for Monica 
and 70 degrees for Kathy). Both were simply usiitg a number that had worked out well 
before Kathy's 70 may have been just a iTiis-copying of Monica's 20. 

If Kathy's work had an area of weakness, it was in Turtle Geometry. Kathy had difficulty 
estimating angles right from the start, and tended to stay away from projects that made it 
necessary for her to work precisely with angle manipulations Although she and 1 ''talked 
through" the idea that "when the turtle goes all the way around, it turns 360 degrees, as part 
of Kathy's circle project, this became an idea that she "filed" away, and did not find much 
use for on her own Most of Kathy's projects involved circles and arcs, squares of different 
sizes, and one triangle procedure, which was one of the first ones she defined. Her specialty 
became combining old procedures, and repeating them in various ways to make new designs. 

Kathy's TRIANGLE was used together with her BOX tc make a HOUSE, repeated four 
times made HOUSE4. TRIANGLE repeated twice made BUTTERFLY. BUTTERFLY 
repeated 6 times made 7BUTTERFLY. HOUSE4 combined with 7BUTTERFLY became 
HB17 Later, circles were added to HB47. to make SPI. (figure Ka-2). 

Wlien Kathy repeated her borrowed XMASTREE procedure, she found that many repeats 
made a lovely, complex design Here she was willing to use recursion, ilnce ihe wai not 
concerned about how many times the procedure was repeated In all. (figure Ka-3) 



ERIC 



n: 




TRIANGLE 



h' it. A'U;lc 
I I I 1" '^0 

'11 120 
. l'> 100 



2 

0 I ' 

4 ) 

5 I \ 



Figure Ka-2 



pAgE 4 




BUTTERFLY 



TU »UTTCR>LY 
I TOIAWCLE 
a THIAHGLK 
END 




7BUTTERFLY 

TO TBirrTERTLY 

1 BiniTRFLY 
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XriASTREE 



STAR 



Fifure Ka-3 

Later In the series of classes Kathy did t lot of expertmentatton with arcs and circles, and 
began to work on some longer projects. They sometimes led to serious bugs which Kathy 
had to resolve. One day she discovered that a series of arcs "looks" like a worm ' and wrote 
the procedures WORM and WORMY (in which WORMY Is exactly twice the site of 
WORM) (figure Ka-4) 
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TO WORM 

1 RARC 30 

2 LARC 30 

3 RARC 30 

4 LARC 30 

b RCIRCLE 10 
END 



TO WORMY 

1 RARC 60 

2 LARC 60 

3 RARC 60 
R LARC 60 

5 LCIRCLE 20 
END 
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Figure Ka-4 




WORMY 



Figure Ka-4t 

In a later experiment, which made use of symmetry in an unusual way, Kathy created an 
exotic lool^ing "Monster " (See Figure Ka-5), 




Figure Ka-5 
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When she decided to teach MONSTER to the computer, I suggested that she break up the 
project into three parts She tsolated three parts, and decided to name them MO. NS. and 
TER. so that her procedure MONSTER would be. 

TO MONSTER 

1 MO 

2 NS 
3TER 
END 



and the subprocedures were 

TO MO 

1 RARC 40 

2 RARC 20 

3 LARC 40 

4 LARC 20 

5 LCIRCLE 20 

6 RCIRCLE 20 
END 



TO NS 

1 LARC 40 

2 LARC 20 

3 RARC 40 

4 RARC 20 

5 RCIRCLE 20 

6 LCIRCLE 20 
END 



TO TER 

1 RARC 40 

2 RARC 20 

3 LARC 40 

4 I *RC20 

5 RCIRCLE 20 

6 LCIRCLE 20 
END 



I arri not sure whether Kathy realized that MO and TER were Identical, but In ary a$e. the 
needed TER as a distinct procedure to carry through her conceptual Khcme. 




10 NS TER 



Figure Ka-6 

Kathy had forgotttii to Include the Interface steps between the three procedures, to that 
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when she ran MONSTER, the result (found in figure Ka'6) Kathy found quite dismaying. 
She asked for help in debugging. I suggested running MO, NS and TER separately. 
When Kathy did so. she could see that the intermediate step« had been left out. Together 
we worked out what these steps shouM be. and in its final incarnation, MONSTER became 

TO MONSTER 

1 MO 

2 BK 60 

3 NS 

4 FD60 
5LT90 

6 TER 

7 LARC 40 
END 

Kathy's last project, carried out during classes 21 and 22, also involved symmetrical arcs, and 
also required a good deal of debugging. In this case, Kathy had tried out a long sequence of 
direct commands, and made a mistake or two $n copying them into her notebook. When her 
procedure turned out to be buggy, she had to spend a tot of time stepping through it, in 
order to figure out which steps were wrong, and how to fix them. Since she had numbered 
ail her steps by ones, she had to do a great deal of unnecessary retyping. I had suggested to 
Kathy that she number steps by fives or tens, at several points in her work, but she had 
never felt a need to adopt that suggestion. (In the class fcJtowlng this one, Kathy had a 
visitor, Renee, who was learning to write a procedure. When Kathy taught her, she told her 
to number the steps by tens. It seems that she got the point, however belatedly.) 

One area of concern for me, during the classes was Kathy's lack of awareness of the effects 
of usmg different angles In various procedures. I tried to deal with this by giving her a 
POLY ANCLE procedure to experiment with. While she like the designs that it made, she 
did not analyze the connection between the input number. »nd the shape that resulted. In 
her first session experimenting with POLY, she used the foltowing inputs: 88, 234, 12345, 
300. 344. 90. 199, 125, and 888. 666, 555, and 77 (class 10). Although she used POLY again on 
five other occasions, she continued to choose Inputs fairly randomly. 
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Figure Ka-7 

During class 20. she was experimenting with her procedure WOW which drew a set of 
nested squares She was trying to rotate this to create a particular design, (figure Ka-7) but 
could not figure out which angle to use to rotate WOW, despite several attempts. I decided 
that this would be a good point for me to suggest a focui for her. I showed her the 
procedure, 

TO SPINWOW :ANGLE 

10 WOW 

20 RT ANGLE 

30 IF HEADING -0 STOP 

40 SPINWOW :ANGLE 

END 

This was meant to serve as a vehicle for exploring angles, and for furthering her 
understanding of variables and STOP rules 

At first she chose inputs like 900. 9999. 777 and 666. At the beginning of the next class. I 
spoke to her about "interesting angles," reminding her that the turtle turns all the way 
around in 360 degrees I suggested that numbers that divided evenly Into 360 degrees might 
be "interesting numbers" I also suggested that she spend the period experimenting with 
SPINWOW. and taking notes on the results. 

Initially Kathy took me at my word, and began using inputs that were factors of 360, like 4. 
12. and 18. 60 and 90 She quickly branched out to 100, 200, 400, etc. Since she had been 
specifically asked to take notes on the results, she paid careful attention to what wai 
happening, for the first time For example, she counted the number of "cones" that appeared 
In the designs, and this showed her that certain figures (SPINWOW 200 and SPINWOW 
400) looked "the same" Her notes, entitled "Interview wiilh SPINWOW'S" are copied from 
her notebook (see figure Ka-8) (compare this with Monica's wc.k with her procedure 
WISHWOW) 
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Interview with SPINWOWS 

SPINWOW 40: it had 9 points It looked like a spiders web. 

SPINWOW 200. looks exactly like splnwow 40. 

SPINWOW 400: looks exactly like the two above. 

SPINWOW 600 It has three point* looks like a martlan face. 

SPINWOW 120: looks like SPINWOW 600 has that martlan face look. 

SPINWOW 30: It has 12 points looks like a combined thing of a snowflake 

and a spiders web. 

SPINWOW 90: It just makes a biger wow 

SPINWOW 140: It has about 17 point* looks like a snowflake. 

SPINWOW 60: looks like a wow that was done 6 times has 6 points. 



Kathy liked to initiate new projects, was comfortable with new Ideas, and enjoyed the 
challenge of working on something to which the answer was not known in advance. She 
accepted the existence of bugs - even coined the phrase Vxterminating" to replace 
"debugging- - ana was willing to work to resolve them. On the other hand, she usually 
chose to work on small projects, and to carefully limit the tools required for any task that sht 
set herself This was her way of remaining in control of her work, making sure that her 
experience was not too confusing for her 

If Kathy had had the opportunity to continue with her classes, Tm sure that I would have 
continued to stress working on projects using angles as variables. Also I wouW have tried to 
lead Kathy into at least one long term project that required advanced planning and the use 
of subprocedures More work in these areas wouW have nicely rounded out her LOGO 
experience 



Individual Profiles; Ray 



From comments made by ins teachers, and from observations made by myself and others in 
the LOGO classes, I have a model of Ray as a boy who has chosen to react to academic 
difficulties by adopting a pose of Indifference, and refusing to take responsibility for his 
work or behavior in school 

From the first day he came to class. In session 2. Ray insisted on remaining "aloor; 
preventing himself from feeling personally involved with the LOCO activities. Although he 
started off quite successfully, and actually was generally successful under close supervision In 
his first programming project - causing the computer to draw his initials he maintained 
his "coor until the last four or five sessions, when he began to allow himself to become 
mterested in what he was doing. 

Before summarizing his work, It would be useful to list some of his techniques for 
maintaining and reinforcing his posture of aloofness from the activities. He began by 
coming four or five minutes late for each class. By coming to class late, he guaranteed that 1 
wou!j be already working with another student. Thus he could waste several more minutes 
waiting for me to remind him how to LOGIN, and start him with a suggestion for his day*s 
work. He often walked into class whistling loudly, blatantly disregarding anything else that 
was going on. He made a point of always leaving a few minutes early, and as he worked on 
activities, he would look at the clock, to see if it was time to leave yet. 

Ray made a point of not remembering how to do things. He wouM not write things down 
m his notebook, and when asked to consult a reference sheet or an entry in his notebook, he 
would usually just sit there, and wait for personal help from me or one of his classmates - 
usually Gary This was his way of reinforcing a sense of helplessness, of "I can't do It", of 
dependency on the teacher. Rather than maximizing his use of available resources, Ray 
deliberately minimized them. 

Ray refused to learn the details of operation of the system and the language. Not until class 
12 did he LOGIN by himself. He never wrote a file without assistance. Likewise, he never 
wrote a procedure without help. Although he was . troduced to the REPEAT command^ 
and used it to make turtle designs that were quite pleasing to him, he never remembered the 
format for using It, and would not look it up. 

I am quite seriously using words like "refused to learn", "techniques for 
maintaining aloofness," ''made a point of not remembering," because I am convinced that 
these were definite strategies of his, to protect himself from involvement, rather than i 
"sincere" Inability to concentrate or learn 

From my conversations with Ray's teachers, I learned that he uses simitar strategies In his 
other school activities. Ray is diagnosed as a boy with "learning disabilities." He Is reported 
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to be reading at a ''fint or second grade level" He has Individual tutoring at the %<,hoo\'% 
"learning center" several tlnr,es each week. One of his teachers told me: "we £re all very 
upset about Ray because we feel that he Is 'slipping through our fingers'/* When i reported 
that Ray had been absent for four of the first eleven classes, she asked me to check the 
r»ol attendance records to see if Ray was "cutting", a practice which he has been 
• V 'jpmg lately as a response to his first year of "departmentalized" classes. 

At the same time. Ray Is clearly inteihgent. attractive and charming. He has a definite 
natural aptitude for music - he enjoyed spending time tapping rhythmically, whistling, and 
Jmproviiing intuitively on the piano. 

I would like to speculate that from his earliest school experiences, Ray has b€cn afraid of 
failure, and especially of appearing to fail His strategy for coping with this has been the 
"class clown" approach - act a little bit silly, charm everyone, and above all. don't let anyone 
know youVe trying. My strategy with Ray was to try to structure situations so that he would 
be successful, and develop a sense of confidence - a senie that he cculd do it. I did this 
both by helping him with a special animation project, (which in the end proved too 
conr^plex. requiring too much of my help) and by trying to set up situaMons In which he 
could be sucessful with very little input. The latter approach proved to be the best for Ray. 
as i will describe in the detailed description of his work, which follows. 

Despite his « fficulties. Ray^s Inte/estcd in the computer, and its power. He showed a 
good deal of "natural ability" in turtle geometry, which made me qtite hopeful about him at 
first Ray was very successful in directing the turtle, estimating quickly and accurately, both 
angles and distances. His first project was making his iriitials, and he carried it out quite 
successfully, combining skill in turtle geometry with a quick understanding of using the 
keyboard, and it seemed, understanding of how to write procedures. (See figure R-1) 
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TO RO 

1 PCNUP 

2 LEFT 90 

2 FOPWRRD 70 
4 RIGHT 90 
PENDOWN 

6 F 

7 FENUP 

e LEFT 100 
FDfURBD .100 



:NbOWN 



11 

12 FORKRPD 70 
1? BRCK 70 
14 RIGHT 90 
1? rOPHflPD 90 
16 LEFT 90 

19 FOPWRRD 40 

20 LEFT 90 

21 Fonm nv 79 

FNO 



TO P 

FOPURPD 50 
RIGHT 90 
FOPHRPD 40 
PIGHT ?0 

7 FOPMRRP 50 
LEFT 140 

9 FORWRRO 97 

END 





Figure R-l 



As Ray went on beyond this project, however, 1 found many difficulties Impeding his 
progress He would rarely work purposefully unless I was present All his further turtfe 
geometry explorations appeared to be random He did not remember how to write a 
procedure, and refused to "look it up^ in his notebook. He never wrote a procedure when I 
was not prpsent* i tried to solidify his understanding of procedure writing by showing him 
'mw to make a procedure out of two or three turtle steps, and the use REPEAT to make 
designs He made several srniple designs - SAM, TIM and JOE. I found that he still did 
not remember from time to time, how to make a procedure or how to use the REPEAT 
command Again, he refused to look it up in his notebook. 

After >mpleting his initials project in class 4, Ra/s work in classes 6-12 was characterized by 
short bursts of activity - especially when I was present - and frequent visits to the water 
fountain, and to the piano in the next room Ray was absent for classes 5, 7 and 10. What I 
found that Ray uja do successfully on his own was to experiment with different inputs to 
REPEAT Hp would use sequence^ like REPEAT [SAM]90, REPEAT [TIM] 30. REPEAT 
[JOE] 20, REPEAT [SAM] 30, etc (See figure R-2) 
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TO 9m TO TIM TO 

2 RIGHT 96 2 RIGHT 2 LEFT 

3 FORWRPD 29 3 FORHRpp 2^. 1 Tin 

4 LEFT 5< ^ END 
EUD * LEFT 61 ^^^^ 





'REPEAT [JOE] 



REPEAT [SAM] 39 



REPEAT [TIfl] 30 

Figure R*2 



After doJng some of these, he'd return to ones he liked. It seemed that he could focus for a 
short time on the task of choosmg inputs to REPEAT, although he couW nol remember how 
to use REPEAT from class to class By class 12, however, this approach had lost Interest for 
Ray, and it became clear that it had not resulted in hi% being able to write procedures 
independently, as I had hoped 

In session 13. I suggested an animation project to Ray He agreed, and decided to animate a 
rocket Session 13 was spent drawing the rocket 1 spent a major part of the period working 
with him, first helping him figure'out how to draw a triangle (see fig. R-3), and then 
helping him organize the task of teaching his rocket to the computer. His ROCKET 
procedure had two subprocedures. TOP (triangle) and ROCK (rectangle). (See figure R-3) 
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TO WCKIT 

1 TOP 

2 ROCK 
CRD 



TO TOP 

1 RIGHT 96 

? LFFT iri? 

4 FnPllRPC' 6Hi 

5 LFFT J 20 
Fi'ipl.JRPD 60 

Fft\< 



/ 




Tn wnry 



1 i.KFT 20 



7 I FFT 



4 priRMRPO use 

I FFT 
^, Fnpi.|Rpr» 90 
FND 



ROCKIT 



Figure R-3 



In class 14, I again worked closely with Ray. We worked through the process of animating 
the rockec He decided that his ROCKET was too big. so I helped him make a smaller, 
scaled down version, which he decided to call FB. His procedure to move the rocket was 
called NKP I introduced Ray to the idea of SNAPs. He understood how they were used to 
animate the motion - but of course he had difficulty remembering the format for using 
SNAPs I had the distinct sensation that I had introduced too much material during this 
class 

In class 15. I again spent a great deal of time with Ray, He was not especially interested In 
varying the WAIT and Distance for the animation (I had given him a procedure which he 
could use to do that easily), but he was interested in making the rocket turn. I printed out 
his animation procedure NKP, and we figured out together where he could put a turn 
command, to make the rocket turn on the screen. While still in edit mode, Ray experimented 
on his own with different inputs for the turn* RT 300, RT 66. RT 2. RT 3. etc. He finally 
settled on RT 9, as the largest number he could use without having his rocket go off the 
screen He then typed END. followed by GOODBYE (without a WRITE command). 

It was in analyzing the dribble file from this class that I became strongly aware that Ray 
had been consistently successful in activities that required varying only one paramter it a 
time I began serious consideration of how to use this observation to get Ray Involved in m 
more consistent relationship with his work 

Class 16 was sp^nt in a whole class discussion about the story "ZEEP and the paint". Ray 
was determinedly aloof Ray spent class 17 working with Jeanne on the pattern block task, 
and at the piano Class 18 was mostly wasted I tried to get Ray to use recursion, but he 
said "I don't like designs" I also tried to start him on another turtle geometry project^ but 
when I went to spend time with another student, that too fell flaj 
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It was dfcldfd to introduce Ray to the LOGO music box, during the rollowing week, to try 
to capitalize on his interest In musical improvisation, and to give Ray a special sphere of 
activity. In which his work would not be compared with anyone elseV This did not work 
out because of breakdowns In the MIT LOCO system, to whicb the music box was to be 
connected, via remote terminal 

In class 19, I decided to just give Ray a POLY procedure, with a simple stop rule, and let 
him experiment with changing the Inputs In this way, he would have only one *hlng to 
consider - the choice of numbers to make interesting desljgns. This was a successful choice 
and he continued to work with POLYs and a POLYSP! type procedure for the next six 
classes 

In working with POLY during classes 19 and 20, Ray tended to choose Inputs based on 
"number patterns" rather than on the effects produced by the POLY proceoure itself. For 
example, during class 19, the POLY Inputs he chose were (^ee Figure R-4): 



SIZE 


ANCLE 




556 


889 


increasing and decreasing sequences 


765 


987 




567 


987 




1000 


2000 




999 


999 




1 


1 


he was Intrigued by the fact that 


O 


O 


these made circles 




3 




50 


60 


surprise' hexagon' 


70 


80 




70 


89 


he really likes this 


70 


90 


1 showed him this one. to go wilh it 
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POLY 1 1 



POLY 50 S0 





POLY 70 80 



Figure R-4 



In riass 20 ! made a pomt of showing him that the first number effects the siie, and the 
second number the shape His work was still based on number patterns 



SIZE 



ANCLE 



678 

70 

40 

50 

60 

78 

I 

I 

% 

%7 

1000 

?00 

678 

9000 

765 

850 

100 

?00 



987 
89 

40 

50 
60 
93 
I 

34 

89 

123 

1000 

7820 

876 

9000 

897 

850 

850 

850 



an old friend 
same numbers 



makes a bright dot 
reversing digits 

same input 

reversal 
same 

same 

here I showed him the effect of 
changing the first Input, while keeping 
the second constant. 
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In class 21 I showed Ray a spiral procfdure. SPI SIDE ANCLE, and later edited it to make 
the increment a variable as well. SPI SIDE ANCLE GROW For the first time, Ray began 
to experiment with the effect of the changed Input, by varying the rate of growth of the 
spiral First Ray experimented with small numbers like SPI I I and SPI 3 4. Even with 
inputs like SPI 22 33, Ray found the shapes "boring", because they all went off the screen so 
fast I suggested larger numbers for the second input, and Ray tried things like I 100, 2 200. 
3 300. and 4 400 I showed him the relationship between POLY and SPI by putting POLY 
100. 200. and SPI 2 200. on the Kreen one after the other (See figure, R-5) 




Figure R 5 

R^y was A lot more interested now. but he still felt that they went off the screen too quickly. 
I editrrl SPI to allow changes in the increment, adding the variable GROW, and I showed 

Ray how to use it 



Ray hked the effect of the tighter spirals esp'^cully the emergent designs, which became 
app<^rent with small increments He tried I 400 I. I 400 3, I 401 I. focussing now on the effect 
of rhangmg the numbers, rather than on the numbers themselves 

Ray rame in with his idra for class 22 Tan I put SPI and POLY together?*' (I told him he 
could if he usrd the POLY first) I had also made up a worksheet for him which listed a 
few POl Y and SPI designs, and left space for him to write down some "interesting" 
ntirnbers of his own choosing Me worked with these activities for a solid hour, asking for 
help at only two points, writing down several "good numbers" on the chart I had given him 
He hked one of the designs a lot. SPI 10. IV), 2, and called people over to see it At the end 
clan he spontaneously pufKhed holes in his pap^s and put them carefully in hit 
lriv>:; notebook Today Ray's explorations were much more systematic, changing only one 
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liPI 10 300 1 



SPI 10 200 
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variable at a time 



POLY 



SPI 



SIZE 



ANCLE 



SIZE 



ANGLE 



INCREMENT 



50 
50 
50 



100 
35' 
49 



10 
10 
10 
10 
10 
10 
10 
10 
10 
10 



30 
45 
150 
300 

i5o 



2 
2 
2 
2 



200 
300 



400 

500 



Ray'i 



150 



Favorite 



(See figure. R-6) 

In session 23. I gave Ray another procedure. LPOLY. with which he could make 
symmetrical shapes After using this a while, he went back to SPls. This time, focussing on 
the emergent spirals He had drawn SPI • 250 2, and when I suggested making a small 
change in the "middle number", he followed through by using 245. 235, 225 and 215, in 
sequence I also showed him how varying the third input could create quite different effecti, 
by decreasing the density of the design. (See figure R-7) 

In this class. Ray began to use animation again as well. He was finally becoming 
comfortable with the computer. Although he was not defining procedures, he was engaging 
in significant mathematical explorations, and. best of all. feeling that he was in charge. 

In session 24 he continued to use right and left POLYs some of his favorite SPis, and 
animation He learned that he could animate anything, using his NKP procedure. Just by 
typing MAKE "FB SNAP, and then typing NKP -- which would animate whatever had 
be^n on the screen He also asked me to write down the WRITE command in his notebook. 

At the end of the period, he came over to where Gary wa< working and asked what he was 
doing This was the first ,'ime he had taken an obvious interest in anyone else's work. In 
addition, he very carefully made sure to remind Gary "better make lure to write your file 
before yon say GOODBYE" thus letting it be known to one and all that "he knew what it 
was all about" as well anyone 

The next class was "visiting day" and Ray brought Paul, a seventh grader. He showed Paul 
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how to use POLY and SPI procedures and a few other procedures NKP, SAM and RC. 
Together they tried out different inputs to POLY and SPL Ray both referred to his 
notebook for ideas about what to try, and wrote down new Ideas as he went along. Ray 
stuck stricktly to what he was comfortable with: POLYs. SPIs and moving his rocket. He 
and Paul had a wonderful time, and both came away feeling wonderful 

This turned out to be Ray's last class He truly went out In a "blaze of glory" I feci that If I 
had understood how afraid of failure Ray was, and how Important It was for him to have 
only one thing to vary at a time, I could have gotten him "hooked" much earlier. Although 
he ciid not define any more procedures of his own, or dp any "planning and debugging", 
Ray had finally achieved the first prerequisite for any success with the computer. He had 
found a way to be in charge 1 honestly believe that continued progress would have been 
made, if there had been several more classes. 

One last "footnote" about Ray When the classroom teachers were interviewed, they felt that 
the computer experience had had a profound effect or) Ray. A quote from one of his 
teachers 

"There was a breakthrough with Ray. He hasn't connected all year. ..been 
floating, not that there is any resistance or hostility, but Just no 
connection .(he) was probably swamped by the reading required this 
year The breakthrough for him in LOCO, the success he has had. ts 
powerful information for me he has produced the best piece of writing I've 
seen from him His phyi^cal arrangement has changed, he was isolated in the 
room before, now he % with others." 
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Appendix II - Detailed Analysis of Baoh Child** Learning 

in ike Area of OomputMr Programming 



Acquisition of PrOfr»mmint 

This section Of the report surveys the students' acquisition of Logo programming skills. In 
'.surveying th»o material, one should bear m mind that the students' learning took place in • 
project oriented setting and no attempt was made to expose all students to the same 
^standard Logo curriculum." Rather, the teacher introduced new Logo material to students on 
an mdwidual basis, and m a way which would be integrated in their individual projects. 
Consequently, we observed different students concentrating on different aspects of Logo. For 
example, some organized most of their (earning experiences around the creation of free -form 
"emergent" designs, while oth" 5 concentrated on elaborately planned projects. Most of the 
students' work related to computer graphics, but a few also undertook non-graphics projects. 
The eight students m the experimental group spanned a wide range of interests and cognitive 
styles One of the strengths of thit kind of Logo learning environment is that it can appeal to 
students across such a spectrum and allow for projects that can be of interest to each of 
them 

In summarizing the students' programming experiences, we shciU first describe, On • 
student by student basis, the individual progress over the 24 class sessions. After this, we 
shall summarize the students' introduction to and use of various elements of Logo 

progt'^mmmg 

GROUP 1: STUDENT - LIB 

SeooionG I and 2. There was Only one terminal available, and Laura worked together with 
Gary They experimented with the basic turtle commends and learned how to write simple 
procedures (without inputs), for example, 

TO F003 
10 8K 25 
20 RT 15 
30 FO 10 
END 

They were also exposed to the REPEAT command and played around with the symmetric 
designs that emerged from repeating procedures like F003. CXjring the second session they 
(but mostly Gary) began to use things like F003 as subprocedurms in design drawing 

programs. 

TO F004 
10 F002 

20 REPEAT [F003] 2^ 
END 
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Se^'ijon 3 terminal available fo*' Laura to work at. She worked at planning designs on 
paper ^Began planning a^rocedure to draw here initial* and wrote down a few steps in her 
notebook 



Sesso n 4' Worked at the teletype (no display terminal available) mostly txperimenting with 
print and having lots of fun getting tha computer to print out long nonttntt itatemtnta. 
These were all done with direct commands (no procedures defintd). 
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Sessions 5 and 6: This was the first tima Laura had a terminal to herself. She experimented 
with drawing designs (again, alt direct commands, no procedures defined) and also used the 
circle primitive. She also played some more with print. 

Session 7: A big step. Laura moves from playing somewhat randomly with direct commands to 
settling upon and planning a project. Teacher introduced the idea of using different 
9Ubprocedure$ for different parts of the face. By the end of the period she had completed 

NOES [sic], RIGHTEYE and LEFTEYE. 

Session 8: Completed the face with MOUTH and drawing a square around the whole thing: 
TO FACE 

1 NOES 

2 RJGHTEYE 

3 LEFTEYE 
^ MOUTH 

5 SQUARE 1 
END 

Note that lines are numbered by Ts, not by lO's^^-^- 

Ses sion 9. Laura went back to working with designs, but in a more planned and purposeful 
way than previously This was her first real exploration of the possibilities of different sized 
Circles, and she made an elaborate circle design: 

TO AROUND 

10 LCIRCLE 90 

20 LCIRCLE 58 

90 LCIRCLE 66 
END 

She's also adopted numbering lines by lO's. 

Ses^ 'on 10: Taught the computer the mirror image of AROUND (right-hand rather than left- 
hand circles) and put the two designs together. Rest of period as spent playing with the arc 
command and making designs with arcs. 

Ses^>ion 11: Very carefully planned, programmed and debugged an elaborate project 
consisting of turtle designs. She had to pay attention to the Intertacmt between the circles. 
The design also made use of a planned subprocedure. 

Ses^.ion 12 Teacher capitalized on i aura's interest with designs to introduce Inputs and 
simple recursion as a way of repeating designs She wrote a procedure which drew a 
cnde, turned and then repeated 

Sessions 13-15' Lots more work with recursion and inputs. During session 13 she defined a 
peocedure to draw a variable sized square. In session 14 the teacher showed her how to 
incorporate this into a recursli/e procedure with changing Inputa to produce a ''growing 
square " Session 15 was spent re-trymg old procedures. 

Sessio n 16' Devoted to a class lesson ("Zeep story**) 
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Sessions 17-18. These were spent working on a Madhbs project. She began by following the 
teacher^s suggestion to write a story and underline the words to be replaced by ''ancibm 
words Next she worked with the teacher on classifying the underlined words accor^dmg to 
part of r,peech Then she put together the basic procedure which typed the non-random part 
of the story and had subprocedures called VERB, NOUN, ADJECTIVE, etc. which would select 
the random words Then the teacher told her how to use make to construct Il9ts of verbs, 
nouns, etc and the teacher supplied a procedure which chooses random elements from a list. 

Session 19: Completed debugging of Madhbs game and dropped it to go back to designs. (Did 
the teacher introduce too much too fast in the previous 2 sessions?) Began working on a 
procedure which takes fikvo Inputs, size and angle, and experimented with various sizes and 

angles 

Sesston 20: absent 

Sessions 21-23: These were spent mostly debugging a procedure which made use of a Btop 
rule. Laura got involved with a complicated bug: the idea was to repeat a basic design until 
the turtie*s heading was equal to zero. However, there was no net heading change over the 
bastc loop of the design, and so the stop condition was never satisfied. The bug was finally 
resolved by changing one of the angles at one of the steps in the (cop. 

SesSfOn 24: ab nt 

Session 25: Laura wrote a program to draw her initials, using separate procedures for each of 
the letters 

GROUP i: STUDENT -- GEM 

Sessions 1-2: Gary and Laura worked together at one terminal. (See above.) 

Sesston 3 No terminal available for most of the period. Gary worked on planning on pmpmr 

a procedure to draw his initials. 

Session 4 Gary worked at the teletvpe. Teache. ntroduced PRINT and arithmetic. Copied 
from worksheet a procedure for drawing a box on the teletype. Also played with arithmetic: 

TO HELLO 

1 PRINT 374t/}537 

END 

and, following a model on one of the worksheets, made this repeat by almpla rmcuralon: 

TO SUPEPHELLO 
10 HELLO 
20 SUPEPHELLO 
END 



Sess'on 5 Gary's first day alone it the terminal. Uses circle priniltlyea and makes a design 

which looks itke the eyes for a face. 
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Session 6: Fmtshes face design, adding nose by direct commands. 

Session 7-8: Gary's first long period with a terminal to himself. Re-does his face by doing 
top'down planning He accepts teacher's suggestion of using procedures functlonsi 
names (FACE, MOUTH, NOSE), although adopts it to his own wry style of naming all 
procedures FOG. For example, 

TO NOSE 

1 F007 

END 



Sess<on 9: Gary begins playing with the SPIN command. Teacher introduces both Inputm and 
timple recursion and Gary writes 

TO TURN3 :ANGLE 

10 FORWARD 100 

20 RIGHT :ANGLE 

30 TURNS :ANGLE 

40 HIDETURTLE 

END 

> 

(He doesn't notice that line 40 never gets executed.) 

S ession 1 0: Period began by playing with the arc primitives. Gary later decided to have the 
computer do math, and make a math quiz. Teacher introduce* random, tmMt, atop, typain, 
smntenca and make. 

Sessions 11-12: These are spent elaborating and debugging the math quiz. The final version 
can handle two digit numbers and prints its questions m column format. Smaple output: 
WELCOME TO THE WORLD OF MATH! 
74 

94 



<168 (user types answer here) 

CORRECT! 

WOULD YOU LIKE TO HAVE ANOTHER PROBLEM'^ 

<YES 

OK MERE WE GO AGAIN? 
etc 



Se^-.^^tons 13-16. These were devoted to planning and debugging a starship which can move 
and turn in response to keys pressed at the Keyboard. Teacher introduced $napa and Gary 
wrote a fivo input procedure which moves the starship forward a specified distance at a 

specified speed 

Se' S<;tons 1 6: Mostly spent in class activity. 

Ses>ton 17' Worked for most of pertod on "articulation task" and showed some of his 
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proceciu^e^. to a visitor Also editied his procedure which moves the starship to change its 
n<^nie to MOVt (It's Original name was ANYTHING.) 

Ses^'on Spent most^/ watching movie. Also played with some animation primitives. 



Sevo o^ 1^ Mostty playmg around in a non-directed way. Says he has an idea for a project 
that he got frOm a computer booK to have the computer understand morse code. 

Se;.i>.on 20^ Preparing notebook for parents' visit. Brings in computer book to discuss morse 

code project with teacher. 

S^:">'on 21 B^'ir^- in morse code listing and writes basic procedure for translating code: 

10 IF LET - "A OUTPUT [ -] 

etc 

^Mr^.t use of output and quotes.) 

S^^^.on 22 Teacher introduced first and butfirst and talked through with Gary how to 
decode a word Gary used that as a model for a procedure to decode a whole message: 

TO PRi2 -MES 

5 If MES - [] STOP 

iO PR! Fh.uT .MES 

?0 TYPE [\XX] 

jO PR12 BU' FIRST .MES 

END 

TO P^l -WORD 

b ir WORD = STOP 

10 TYPE CODE FIRST :WORD 

20 TYPE [X] 

:iO PR! BUTFIRST :WORD 

^n-A u ,p of rea/ recursion. Also empty word and empty list Gary comments "Today 

w«^'. a good da/*" 

^vf's-. . 2^ Adds an debugs an encoder to the morse code project. 

^^^^^.'[.ion^ . ?5-26 Brings visitor and wOrKs with him On creating a "Zeppelin" design and 

animating \\ 
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CLASS I. STUDENT -~ Deborah 
Se'^'iion 1 absent 

Session 2 Works on drawing a square Very unsure of herself. 
Sess>on 3. Defmes square as a procedure. 

Session 4 Begins to plan on paper a procedure to draw her initials. Still constantly seeks 
^^ssurance from teacher. (Example: She asks teacher to dra\Ar the letters for her. Teacher 
replies he is sure that she can do it.) Finally with teacher's help types in procedure to draw 
the D 

S essions 5-7 : Continues to work on initials. Still attempts to monopolize teacher's attention. 

Session 8: Teacher gives her an assignment to experiment with arc primitives. This is Dim's 
first real exploring and she makes free-form designs using direct commands. 

Session 9' A breakthrough! Deborah continues to explore with arcs, and makes a spiral — her 
first purpcsefui design. At end of class declares "I didn't need any help toJay." Teacher's 
analysis: Tm convinced that her problem with the initials project was its complexity and the 
necessity of a successful completion. Making designs has no such stigma attached." 

Ses ston 10: Continues to work On h^ own. Defines her first independent procedure, which 
draws ner spiral Then worked on drawing a man — her first independent pimnned design. 

Session s 11-13- absent 

Session 14 Continues her man design right where she left off. Uses arcs to write a 
subprocedure to draw the eyes. 

Session 15: Made a "flower design" by having the turtle draw a circle six times. Teacher 
introduced simpie recursion to make the process repeat more, but Deborah wasnM 

interested Said she just wanted to "goof around" 

Ses sion 16 class activity Says she wants to make a rabbit, and makes a drawing. 

Sev^ton J 7. Stf^rts the class working on the rabbit by direct commands. Eventually s;* ds tins 
and df^fines a procedure which repeats a flower design: 

TO E^LUE 
i FLOWEP 
/ RIGHT 90 
3 FLOWER 

Asl's fpi^cher "W«»s th»s what you were trying to show me yesterday?" (Referring to the 
recursion example ) 

5£'::l!?ILJA C^^^'i views film on computer graphics I3ebOrah gets from the film the idea of 
m-king a six-pointed star. The program contains her first real use of functional 
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subprocedures 

? r « JPWAPD 70 

1 ^IGHT JO 

1 rn bu 
4 rH^VAr.c.Lf 



Sf^ <on-. 19 ?0 Sta^pi dgam to work or> her rabbit Wrote subprocedurBS HAT and 

Se--^ .on / 1 ab^ent 

^''\. ''^'I'l ^'^'^'^1 Completes rabbit, addmg procedures for NOSE» EARS, FACE and a 
'.upor pro< ffJur e called RABBIT 

Sf«'-*or) j'^ Crv.ie 'n and made the turtle draw a sqaure m only two attempts. Then wrote a 
procrciuro to draw a diamond (See discussion on perception of tilted square as diamond.) 
Tpdchf>r showed her how to repeat this by iteration 

TO PIN 

S OIAMOiND 

iO G(; ^ 



Sf^ ^inn /h Shox'od prorodures to her parent*;, who visited class, 
'lo'. son 1 <^b">pnt 

^j_f-.'.'Mn F ^pf-rm^ents With basic turtle commands and draws a rectangle 

<".o>.- o- "< B^>,;an ro work on drawing his initials Completed the R by direct commands 

,'c,n .1 Compipted the G b/ direct commands Combined this with the R by writing 
procedures ^ And RG 

j^'"'On h Sharrd trrmmal with u , didn't do n.uc.i' 
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Sessions 8 an d 9' Ray's f^rst time with a terminal to himself. Teacher suggested writing • 
small procedure and using repeat to make designs His procedure was: 
TO SAM 

10 FORWARD i7 
20 RIGHT 90 
3 FORWARD 29 
a LEFT 56 
END 

He explored with REPEAT [SAM] 'iifferent numbers of times. Then wrote another procedure 

TO TIM 

1 FD 19 

2 RT 90 

3 FD 36 

4 LT 6i 
END 

and wa'. disappointed that the i esuUs were so much iiKe SAM Teacher showed him how to 
combine the two 
TO JOE 

1 SAM 

2 LEFT 150 

3 TiM 
END 



Seos ipn 10 absent 

Session I I. More repeating designs. Asked the teacher wi.ether he had to use "names 1 
aTre7dy know/' and the teacher said he could just as well use something iiKe 016 -- so Ray 
called Hk, procedure Qi6 He wrote 

TO PQ 
1 Q16 

FORWARD 89 
3 Q16 

n FORWARD 89 
b Q16 

b f OPWAPQ 89 
/ Q16 
f fjQ 

]f.^r ^1^0 '.ijit^p^p'.ted making a triangle Ray worked on this a short time and gave up. Ray 
r\^\\ ver/ dependent on the teacher Does not remember how to login, use repeat, or write 
a procedure without help 

S^'.MOf^ 12 Ray worked preWy randomly, making a design by direct commands when asked 
wH;^t he was rr>aKmg» he replied "Who knows''* 

• "\ 

5e<.L.ion 1 < Ra/'s first projtct. he wanted to make a rocKet and animate it. The first time he 
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had come m wanting to work seriously on something. Defined two procedures TOP and ROCK 
which, together, drew the rocket 

Se^^^ion^. H More wOrk on the rocket. Began by wanting to make a smaller rocket. Teacher 
fJecjcled not to introduce variables, but rather, told him he could copy his rocket procedure 
chanpjnp^ the lengths of the sides. Teacher introduced the DISPLAY, WAIT, WiPEOUT, 
FQPWAPD, DISPLAY method of animation 

Session 15 Played around with the MOVE procedure which allowed him to animate and vary 
the distance and timing After a fewmmutes of experimenting said "I like the old way belter." 
Worked on elaborating his earlier animation procedure to allow the rocket to turn. Although 
he did this work on his Own, he still seemed detached from the whole activity. 

Sessi on 1 6 class activity 

Session 1 7. Most of the time was spent working on the articulation task. 

Session 18: First part of period spent watching film. Ray then said that he wanted to draw a 
house Me drFw one on paper, and together w«th te^^cher labelled the parts and wrote the 

procedure 

TO HOUSE 
10 CENTER 
20 SIDE 
30 TOP 
^0 ROOF 
END 

Teacher expected that Ray would now write the necessary subprocedures. But Ray had 
supposed that the comDt.ter would know how to do these already and was u. .billing to 
continue on the project. Then f)\ayed some more ^ith repeated designs and teacher 
introduced simple recursion as a way of getting things to repeat. 

Ses sions 19-20 Teacher introduced POLY and Ray experimented with different inputs. His 
choice of inputs seemed dictated by number patterns rather than by the effects on the 

drawings 

Se"s>on 21 Teacher introduced SPIRAL and Ray experimented with it. this time he began to 
focus on the drawings, rather than the number patterns. 

Session^ 22 Ra/ came m with a definite idea of whal to do combine POLY and SPIRAL and 
nia(ie deMg^s which combined the two, experimenting with different inputs. 

Session 23 Teacher supplied an LPOLY procedure which makes left-turnmg polys so that Ray 
could^^nake symmetric designs; but Ray didn't find these very interesting. Did more 
eifpiormg with spirals, keeping the side and angle the same and varying the rate of growth. 

Session 2^ This was the first time Ray *yped in things copied from his notebook without 
asking t~epea\f'6 some of the spiral designs he had previously found interesting. Also made • 
snap on his own so that his rocket animation would wor** 
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Sest>ton 25. Pay brought a visitor, and showed his procedures. This time he seemed to like 
making symmetrjcal shapes with POLY and LPOLY 

CLAS S 11 

Sessions 1-4: All students m the dass (Kathy, Momca, Do'-.alu, Kevin) worked closely together 
during sess'ons 1-4 These be;ian by experimenting with the basic turtle commands. During 
«;ession 2 the teacher showed how 'o define a procedure to draw a square and then 
suggested a project which used the square as a subprocedure. Then the students 
suggested three more projects which used the square as a subprocedure. Sessions 3 and 4 
were spent on planning and debugging the third of these projects (a pyramid consisting of 
10 squares). Teacher introduced ideas of super procedure and setupM for the 
subprocedures On ail of this, the class worked together as a whole, and at one point even 
rejected teacher's suggestion that they split up to plan separate projects. 

CLASS 11 STUDENT - Kathy 

Ses sion 5- Kathy's first chance to work alone. Teacher suggested problem of drawing a 
triangle, and Kathy solved this quicKly and defined a triangle procedure. Then, on her own 
defined 

TO BUTTERFLY 

1 TRIANGLE 

2 TRIANGLE 
END 

Teacher suggested repeating BUTTERFLY and she defined a procedure which she called 
78UTTERFLY which repeated BUTTERFLY 6 times. 

Se<-> ^>ton 6. Kathy and Momca worked together. They combined TRIANGLE and SQUARE to draw 
a house Then Kathy suggested repeating the house. This made a symmetrical design. Kathy 
then created another design by superimposing the repeated hOuse with her 7BUTTERFLY 
procedure. 

^e^><^»on 7 Kathy came m late, so it was a short period for her. She asked the teacher if the 
compute could draw a circle and teacher played turtle with her to develop the idea of 
repeating RIGHT 20. FORWARD 20 over and over ^ 

• 

SrsMon 8 K;^thy started where she left off last time, repeating RT and FD until it made a circle 
^nd thf*n bpgan teaching these steps as a long procedure At about 3th or 9th step declared 
that she ch<in \ know how many times to repeat this to make a full circle, and teacher showed 
he- thf* icjp^ of the totaf turtle trip as a way of figuring this out. Eventually she made a 
procrfiure, SHLLL, which repeated the sequence 20 times (rather than 18) even though she 
^'new it •would probably go too far" Teacher showed her the idea of repeating by simple 
recursion and she defined several procedures m this pattern, for example 
10 TB 

1 triangle: 

2 BOX 

3 TB 

FND / , 
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Se^oiqns _10 J^l_^ These were spent on more repeated designs, for example 

TOSlir^KY 

i SHfLL 

? FORWARD 10 

3 SLINKY 

END 

which makes a circular "cOiL" Teacher also introduced POLY (fr>i^y's first exposure to InpuU, 
Session il was devoted to a jOint lesson with Monica on debugging timplm rmcutMl^m 
procedures, and also exploring designs made with arc and circle prlmlU^es. 

^^'ilSTLli.. ^^^^^ activity (see ''^) 

Session 13. Kathy defined her first procedure with InputB, • variable sized square, and used 
this as a subprocedure in a design for a bus (her first pimnned drmwing) Had trouble 
^^^'''so 1^0^ ^^"^ ^° ^'^^^ wheels. Then turned to superimposing different sized squares: 

SO ?0 



which maKes a "growing square" design. 

S^HL^H-iA Came n with her design all written out as a procedure called WOW and taught it 
to the computer Teacher showed her how to do this using recursion with chmnalna 
inputs 

rO SUPERWOW :SIZE 
1 SO SIZE 

? SUPERWOW .SiZE^lO 
END 

She ^iso evper.rnented more w«!h arc designs and made a worm. Also a chnstmas tree, which 

she turned into a symmetric design 

TO S^AP 

1 XMASTREt 

2 STAR 



Se">s;on IS a blent 

^^LL<^!LJ1 -'3'^'' Wesson on .ecursion with stop rule. During second part of period Kathy 
copied from Monica a procedure called HORSE which draws an abstract desiga 

Sf'^^.on \2 A short se',sion Kathy defmed BARN which repeats HORSE four times. (Note 
choice namr here - the original "horse" name was an arbitrary one chosen by Monica) 

/"^'ior 18^ Class watchsi^ film on computer graphics 
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Sess'on 1 9' Designs usmg arcs. Made a procedure MONSTER which has subprocedures MO, NS, 

TER. 

SesstOns 20-2 L Teacher suggested she write • procedure usmg angles as an input (also stop 

rules) 

TO 5PINW0W :ANGLE 
10 WOW 

20 RIGHT :ANGLE 
30 IF MEADING-0 STOP 
40 5PINW0W :ANGLE 
END 

tx peri men ted with different inputs. Also made a design called BIRDMAN by direct commands. 

Sesotrn 22 Taught BIRDMAN as a procedure, copying the steps from her notebook. Had to 
debug smce she had made some mistakes last time writmg the steps into her notebook, and 
several steps had been left out. This required redoing the whole procedure rather than just 
adding the missmg lines, smce her procedure had the lines numbered by Ts. When she 
rewrote t>^e procedure, she still numbered the lines by I's! 

Se ssion 23: Kathy brought in a vis'tor, shows her some of her designs and shows her how to 
wrtte procedures. She teaches the visitor to number procedure lines by lOV 

CLASS li' STUDENT - Momca 

Session s 1 -4- See notes for whole class above 

Sessi on 5: Monica*s first time alone at the terminal. Followed teacher's suggeston that she try 
to make a triangle- She worked on this the whole period, experimenting with different 
strategies. Although she did not "succeed* at this, she came very close, 4ind teacher was 
impressed with her ability to stick to this one problem for the entire session. 

Session 6- Worked with Kathy. See above. 

Session 7' Used Kathy's TRI procedure, but modified it so that it was Stmtm triinMparent. 
Then made a design by repeating TRI, LT 90 over and over. This TRI procedure if the germ 
of A style Of work that lasted throughout the 25 sessions. Kathy's triangle was r>ot state- 
t»^anrpr?rent and so repeating it made a s/mmetric design. Monica's was state-transparent, so 
repeating it with turns m between made a symmetric design. Throughout the period of the 
e^^penment, Kathy's design investigations would be modelled on repeating a previously defined 
r'^ocedu'-e; while Momca's would be modelled on "procedure, turn, repeat.** 

Session 8^ More repeating designs. Teacher showed her how to use a counter and a stop 
ru/e ancTshe copied these into her notebook but did not use them. Teacher also showed her 
simple recursion as a way of repeating her designs, and she made some procedures using 

Ihss method 

Ge^.sion 9^ More fan-like designs. After a while she made a regular pentagon, and the teacher 
tntroduced the POLY procedure (first use of inputs) She experimented with this and made a 



1 ^ 

ERIC 



13 



Programming skills 



chart of the re'.ulls One thing to note. Monica does not use edit, when a procedure does 
not pprfoTH as expected, she just stops using it rather than trying to debug. 

Se«-.ston 10 Copied a procedure form One of the worksheets, but she made a mistake and 
wrote the tilie as fXXDDLE rather than DOODLES, so the procedure became 

TO DOODLE 
10 DOODLE 
20 DOODLE 
30 DOODLE 
^0 DOODLE 
END 

So the procedure dtdnM do anything. She also made a flower design usii g the c/rc/e 
primttii/es 

Se^.^.ion 1 1 ■ Teacher conducts joint lesson with Kathy and Monica on debugging recursive 
procedures (like DOODLE above) Rest of penod spent working with circles. 

Se^.oton 1? C<<^ss activity. 

^ e'^^^.tons 13-14- Taught computer variable sized square (procmdure with Input) and use 
squares to make a bus 

Ses^-.i o n 15 "art cf penod spent working on articulation task worked on more repeated 
designs, and made independent use of simple recursion. Also came in after school with two 
friends and showed them how to make repeated designs. Each friend defined a procedure. 

Session 1 6-1 7: More repeated designs using recursion. She also made a Christmas tree design 
(cf Kalhy, Session 14) except that she called the procedure HAT. Also repeated HAT to make 
designs, both when she was halfway through defining HAT and when she had finished the 

procedure 

Seo">on 18 Class watched film 

Ses^' on 19 Teachor models of procedures with angle inputs and stop rules and she spent 

most of the time adopting these to her designs, as m 

TO SPINBUS :ANGLE 
10 B i? 

20 .MT ANGLE 
30 ' HEAD1NG«0 STOP 
^♦0 SPINOUS :ANGLE 
C ND 

Most of the tjme was spent debugging the syntax and little time was left for experimenting. 

S ession 20 absent 

Session 21 E^penmerited with her variable ingle procedures. Alto edited her HAT (chrittmat 

tre-ft) procedure to make the bottom of it "look even." 
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Sexton 22' absent 

Se^'^t on 23- Monica had a visitor and together they made a repeating circle design using 
recuf '^lon. 

CLASS 11: STUDENT - Kevin ' 

Sessions 1-4: See notes for entire class above. 

Session 5: Following teacher's suggestion, to make a triangle, Kevin made a right isoceles 
triangle by trial and error (and used his trials to ed/f his evolving triangle procedure, which 
he called OF). Four repeated OF's made a flower, to which he added the stem, throughout this 
work he demonstrated clear understanding of 45, 90 and 180 degree angles. Also readily 
combines numbers on his own eg., LT 45, LT 90 will become LT 135 on a se ond attempt* at 
drawing the design. His flower procedure, which he did on his Own, shows his ability to 
independently define procedures with subprocedures. 

Se-.sion 6- Following teacher's suggestion, he makes a house, combining his triangle, with the 
earlier defined square procedure. Then he defines 2H0USE which uses the house procedure 
twtce. moving the turtle m between to set up for the second house (attention to turtle Sfafe). 

Spsmoo 7 Kevin s first independentiy suggested project — drawing a flag. He worked 
on the design using the square as a subprocedure, but later changed his mind and developed 
another fli»g using the BIGBOX procedure which the class had done on day 2. By the end of 
the period he'd completed the flag using BIGBOX together with direct commands, but had r>ot 
taught ft to the computer as a procedure. All through this work he showed an impressive 
abfhly to Keep track of the turtle state, and to combine inputs of successive forwards and 

turns 

Ses s <on 8. absent 

Session 9 Worked on teaching his flag as a procedure. Teacher showed him the <dea of 
breTTing \\ into subprocedures, Dut Kevin preferred to copy the long sequence of steps from 

his notebook Most of the period spent debugging 

/ 

S?-^^»on iO Kevin decided not to finish his flag, and started on a new project a turtle. This 
WHS his ii^st use of arcs Also, because he'd had so much trouble with the flag, he accepted 
the teach-r s suggesion to use functionmi subprocedures, and by the end of the period 

h«*d compJeted the shell 

Sr'.'.nn 1 1 Conttnued On turtle Defined the subprocedure to draw the head 

*;;,prr,on it' Cif^ss HctiVJty 

Gfi-.s>o n 11 15 More work on turtle, add-ng feet Then he was interested m having it move, so 
talked through animal. on procedures with teacher, 

S'^sS'On 16 CUss lesson on stop rules 



Sessif^n 1 7 Worked on animation and* got turtle to move 
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'MOnJ^S Cla'-.s watched film on computer graphics 

Se'>^ior^J9_ Kevm's Ur^A reai expenmenting with Inputs: used POLY and POOLY (a two 
vari<^i)lo "procedure), both procedures using simple recursion and stop rules. He decided 
to u'.e One o* the poly's for the turtle*s eye, but eventually gave up on this plan. 

Sessio n 20 Teacher introduced him to recursion with changing inputs and talked through: 

TO TUNNEL -SIZE 
10 POLY -SIZE 45 
20 IF :S1ZE-105 STOP 
30 TUNNEL :SIZE*5 
END 



Se-'^.'on A real leap m understanding today. Kevin defined independently several 
proceduneo~on the model of TUNNEL Also added variables to change the rate at which the 
figures grew (teacher's suggestion) and the size of the largest figure (Kevin's suggestion). 
Clf»ar demonotration of understanding the concept of variable. 

Session 23 No computer work. Kevin spent the time drawing star wars pictures 

Sesst on 24 Brought in a friend and taught him how to write procedures. Kevin illustrated for 
his Triend the theory of procedures by defining 

TO ACE 

10 POLY 90 45 

END 



CI A3S 11 STU DENT David 

c;,->.r,opr I _5 notes for whole class above David initiated the ideas for BIGBOX and 

pyPAMlD Hp was absent for Sessions 4 and 5 

So-.Mon^ b ^ Foiiowed teacher's suggestion to wOrK On and debug house picture. 

Worked a long time with direct commands, and drew a city. Teacher suggested he 
teach tb.s to the computer and he defined a subprocedure calleo 'JTTLE which would draw 
tne outline of a building. Then switched to experimenting with square and triangle. At end of 

cla^^s wa'. worKmg on draw a fat-e 

S^^^'on 9 Teacher showed him how to maKe a variable sized square. (First use of Inputs.) 

U*ved this as part of face. 

Ses-.io ns 10-11- Readily adopu $tyia of top-^down planning and functional 
subprocmdures Defmes tubproctdurei HEAD, EYES, NOSE and worKi on poaltlonlng an aro 

for the mouth 

Sess'On 12 ciass activity 
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Se*i-.«ono 13-14: Finished mouth and added beard Spent a long time working at positiomr^g 
the beard Beard it formed by REPEATing a subprocedure which draws a strand and turns • 

little. 

Se«^cto n 15' Teacher gave David a lesson in the geometry of arcs, which helped him very much 
m his efforts on positioning the beard. With this he was able to straightforwardly finish the 
beard and add hair and ears. 

Se'^sion 16: lesson on stop rules 

Sesston 1 7: Added hat to face, and spent time working on positioning the hat. He had three 
variables to coordinate in this task -- size of hat, size of brim, and starting position. 

Se-.'^>ion 18 Class watched nr^ovte on computer graphics. 

Se-.-^^to^^]^ David w? ited to u^e POLY to add a flower to the hat. Teacher showed him how to 
wrfte recursive POLY with stop rule. David used this to make a flower. His face procedure 
IS a model of top-iown planning: 
TO FACE 

1 BOX 

2 EYES 

3 NOSE 

4 MOUTH 

5 BEARD 

6 HAIR 
70 EARS 
80 MAT 

85 FLOWER 
END 



Sps^.'On 2\_ Wonted for the whole period locatinj? the stem for the flower. For this he used an 
arc proreciure and systematically varied both the arc radius and the starting location. 

Sp^*.«on 2? David ran in to an interesting bug the POLY flower at the end of the arc doesn't 
sTarFourw.th the turtle straight up. so the stop rule (IF HEADlNG-0 STOP) doesn't work. 
Teacher e^rp^am^ that he should turn the turtle before starting the POLY. Oavid seems to 
understand thr. bug, and the solution. The face is now finished. All in all David has spent 12 
ses^ton*; over a perrod o^ 4 weeks on this single project! 

Sf^ ^.nn ?1 Bring', his dder sjster (grade 8) to vsit and helps her draw her initials by direct 

Sp*.Mor> ?4 Pelaught FLOWER (which was lost) to the computer. He did not have his written 
note-^, buT did remember most o^ the steps But he did no[ remember the turn that the 
teacher had suggested to fix the stop rule bug. and had to be reminded how to fix the bug. 
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in this p^^rt of the report we summarize and compare the students' acquisition of Logo 
prop^ramming oKills along a number of dimensions. For each of the elements of Logo 
proerammmg \rJed below we give the session number of the student's first contact with this 
cor^f'ept. the numbers of the sessions in which the concept was used with help, and the initial 
<.e^o«ons m which the concept was used independently with confidence. 



basic turtle commands 



arc and circle primitives 



PRINT and TYPE commands 



defining procedures 
subprocedures 
proceaures with ino'its 
conditionals and stop rules 



simple recursion 



recursion with varying inputs 
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Itt contact 
Gary 1 
O«bor«h 2 

2 

w I n 
0«v td 



ut«ft I th h« 

2 

3.4 
3,* 
1.2 
2»4 

2 



1,2,6 
6,8.9 

S,6 

5,6 

4,S,6 

3,4,7 

3.6,7 



2 itt contact 

Gary S 
O«bor«h 4 

r*. in 18 
0«.id le 



Tc and circle primMlvt 
u««« Hith h«}p uMt lnd«p«nd«ntly 

5,14, IS 
9 14 



7 

U 
11 
10 
18 



6,9,18 
13,19 
13,19 
11.13 
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PRINT Tid TYPE 

iit c'jn !<»ct usti wjth h«lp u%m% ind«p«nd«nt 

- ^* ^ ^ S 22 

D ft b <:) r h 

L^u-a 4,S 16,17 

'lon'ca IS 
>*vin is" 

Da. id IS 

< * f U. ftg proc«dur<i 

i»t contact ut«i nMh h«tp uiti Indtptndtnt 

O^ry^ i 2 3 

0«bu ^ah 3 S, 7,8 it, U 

''^y 3 4,8,9,18,13 

lJur* i 7,8 9,18 

^*th,^ : 3 S,6 

f<Onic# ? 3 4,6 

►•-"^ ^ 3 4,S,6 

D*..d ? 3 8,7 
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1st COnt#ct 

O«bor«h S 

R<i^j 9 

* M 2,3 

non«c« ? 3 

> • / 1 o ^ , 3 

Otfv.d 2.3 



2 

18,19 
18,13 

7,8,18,11, 16 
*,S 

7 



tubpr PC •durst 

uttt ind«p«nd«nt 

22,23 



6,8 
6.8 

10,13 



l%\ cor»t#ct 
C*r.^ 9 

O«hor«ih 

Id. 28 

rton • c* 9 



Proctdurpt with mputi 
uiPt wMh http usas ind«p«nd«nt I y 



14,15.22 



13,14,21 
13, IS, 28 
13,19 
19,28 
19 



23,24 



21 
21 



1 . 
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rond < \ ipna i t and stop rul tf 
1st contact >•! wtth Kflp us«( jndtptndtnt 

Mthy 12. IS 28 

Hon t Cd d, 1 2 19 

^•.in i2.iS 19,28 21 

Oa.^d IS 19 



ist contact usai wtth htip ui«i »nd«p«nd«nt (y 

Gar., 4 9 
Deborah )S 
Ra.^ IS 

L-iura 12 18 21 

>athy 7 8,10 13,28 

Hon.ca 8 8,9,18 14, IS 

> 'H U 19,28 21 

Oa «n lb 13 
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rtcurgipn wrth va^^yn^^ tnput 



U! -on tact H«lp u»*i >nd«p»nd«rit 

t 

Deborah 
t*ur* 14.17 

X«v»rA iS 28 21 
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Appendix III - Checklist of LOGO Skills Used for Daily 

Observation 



Name 

OBSEKVAFION CHFXKLIST I Use of Keyboard 





Initial 
Contact 

1 


\ Uses with 
1 Help 


Uses 

Independently 
with Comfort 

1 


LOGIN 








Carriage Return 








DELETE 








CONTROL-G 








Shift key as needed 








Qnare Rat 








CONTROL keys for ^editing 




\ 






_ CTj -N 

C'lL-r 

_CTLj2R_ 

CTRL- S 

CTL-W 









































t 

I 
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Name 



OBSERVATION CHFXKLIST 11 — Turtle Commands 


Uses 

Independently 
with Comfort 




Initial 
contac t 


Uses with 
Help 


CLEARSCREEN or CS 








FORWARD or FD 









BACK or BK 






. . . 


RIGHT or RT 








LEFT or LT 








PENUP or ?U 


— • 






PENDOWN or'PD 


^ — 






SHOWTURTLE or ST 


^ — 






HIDETURTLE or HI 


, , 






XCOR^ YCOR 




' ■ ■ ^ . 




HEADING 


~ ^ 






HOME 








SETTl^RTLE or SETT 








SETX, SETY, SETXY 








SETHEADING 








HERE 








RCIRCLE 








LriRCLE 








RARC 








LARC 
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OBSF.KVAriDN rHFXKLISr III — Editing, Naming and Printing Commauds 



10 
EMD 

LINK NUMBERS 



roiT or ED 

PRINTOUT or PO 



PRINTOUT TITLE 
or POTS 

ERASE or ER 

ERASELINE or ERL 



ED IT LINE or _EDL__ 
EDIT TITLE uv EDT 



WRITE 



READ 



J-A ^ procedu re _t_i t ie 

MAKE_ 

j_and^J'_ ^ 

PRINT with and [ J 



Pr.INT vtth oper ations 
TTPE vtth " and [ ] _ 



TYPE with o peration s 



REQUEST 
TTPEIN 
SENTENCE 
WORD 



^ c 

c o 



CO a 
4. 



c o 

c o 

0) o 
a. 

ui <v x: 



4 



Name 



OBSERVATION CHECKLIST IV Control Cotnmands and 

Miscellaneous Commands 





Initial 
(V atac t 


x: 

05 CL 

1; — « 


Uses 

Independently 
with Comfort 


GO 







— — — — ■ — 


RECURSION 


— 






IF 








TEST, IFTRUE, 
IFFALSE 








STOP 








1 OUTPUT 




^ — 




List Processing: 
FIRST or F 








BUTFIRST or BF 








LAST or L 









BUTLAST or BL 








Arithmetic Operations: 








RANDOM 








Aniraat ion : 

SNAP _ 






1 — ^ — - 


DISPIJ^Y 




i 
1 


WIPECLFJVN or WC 




i 

,1 


WIPE 

or h»Ts : 
WHAy 
SPIN 












f --- 




MOVF 


. . _ 










i . . ♦ — 





ERIC 



r 



Name 



v)BSLKVAnON .iECKLIST V L(X";o '^rogramminp. Ideas 





: Initial 
1 Contact 


1 Uses with 
i Help 


1 Uses 

1 Independent J V 
1 with ComforL 


Sequent la I Procedure _^ 
Subproc ediires 




- 


. — 




— _ 


^ — — 


Simple Recursicwi 







— ^ 


Procedures with Inputs 





_ _ 




Procedures with Conditionals 






— — 


Piocedures with Stop rules 








Proceaures with Counters 








Recursion with Varying Inputs 








Iteration and Looping 








Procedures with Outputs 








Complicated Recursion 
(mixed-up inputs) 
































zi; 1 : 









I 
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OBSERVATION CHECKIISI VI — Planning, Debugging and 

Problem Solving 





Initial 
Contact 


x: 

Cf5 

ZD X 


Uses 

Independently 
with Comfort 


Planning or Drawing 
on Paper 








Playing Turtle 





■ 




Playing Computer 








People Procedures 








KeaoS error ineaoaj^c 
and corrects errors 




— 


_ — 


Uses line number in 
error message for 








and top-down planning 








Uses an old procedure 
j in a new way 








fiug Types: 

Turtle State 








jTiLlM 








Out of Bounds 




• 




Program Control 








Naming 








Syntax ( : 6 " etc . ) 





























I 

• t 



ERIC 
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Name 



oBSKRVA'nr)N (HECKLISI VII 



M.1 1 hematic a 1 Skills and Con^opt ^ 
A. Turtle Geometry 




Ra d ius of Cirj^e 

_D iame t yj^ 

S imj lar i ty rind_ Sca^. i n^__ 

SvTnme t TV : 

Rl^ht/Lelt. ReverBabiLity 

Ba ck/F orwa r d_ 

Symme t r Jica l^^hape s 

Kff«»otn of He At loi) ^ 
Total Turtle Trip _ 



Rate of Curvature 



Ca r te sla n Coo rdjjiates 



ERIC 



1^ 
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Name 



OBSERVATION CHECKLIST VIII Mathematical Skills and Concepts 

B. Non-Turtle Geometry 





Initial 
Contact 

1 

1 
i 


Uses with 
Help 


Uses 

Independently 
with Comfort 


- — — — 

Variables to Contr-^l 
and Direction 








Variables to Control 
Procedures 








Positive and Negative 
Numbers 








Use of Conditional's 








Decimal Numbers 








Logic in Program Control 








FindinR Patterns 








Procedural or 

Algorythmlc thinking 









































I 
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Name 



ohSKRVAnoN CHECKLIST IX — • Language Activities 





j Initial 
Contact 


Uses with 
1 Help 


Uses 

Independently 
with Comfort 

1 

1 


„ 

Attention to 
"spelling;' 








, . . A . . 

Reads and Interprets 
Error Messages 








Conversational 
Procedures 








U A- M-A , ' L W vl 1^ w X. vy L i 

asking procedures 








Sentence Generators 








Poem Generators 









































ERIC 



Name 
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OBSERVATION CHECKLIST X — Working Style, Interpersonal 

Relationships and Conanunication 



ERIC 



A 1 1 empt3 to aolve problems on his own 

As ks for Help: regularly sometimes seldom^ 

Gives Up ea sily 



J umps from one activity to another 
Is self motivated 



Seeks guicance from teacher 

Seeks guidance from classm ates^ 

Shifts purpo$e flexibly when a 
n ew idea etHergejb 



Initiates ideas for projects 
Follovs through on ideas 
Shows work to a classmate 



Shows Interest in classmates* work' 
Helps a classmate 



Ask f qr^ h elp from classmate 
Rorrowa an id ea from classmate 
Collaborates wrt.th Classm ate 



COM>fUNCATlON; 

Ta 1 ks art If i jaj: e_ly with claggmates abo ut wo rk 
I'a 1 ks ar ticuia^ely with teacher about work _ 
Ta Iks about problem-solving strateg ies ^ 



Usen "computer terminology** in talking 
about LOGO work ^ 



Uaes "computer terminology" in talking 
ab out non-computer activitie s 



Appendix IV - Exoerpts from th« Pre/Post Interview 

Sohedule 
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\ 1,^ _ \-i>'h, VBO.^ , > 

A) \oqi., lo'^'i, \o^?, , ^ 

\ , a. ^, , . 

Jr) \T-, 2-'. . ' 

«,) \, ^, ^, — . — > — 

W) \^ 23, 34, . 

0 \,\. i,3, S,?, , > ■ 

t 

7". 
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a. ui'cc^ 



-Tlx.,. ^4^. 



<3 



< 



o hi:. 

ERIC 



,>»bvh. lie*' 




1 
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